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PKBPACE. 



Thi Acthoe, in writing this text-book, has endeavoured to 
meet the wants of both elementary and adYanced students, 
and he believes that it will be found to contain all the de- 
scriptive geometry which ia nsually required by engineering 
and architectural draughtsmen. But while making the book 
comprehensive, and illustrating it fully, it has not been made 
of an ineonvemeut size for use in large classes. 

The treatment of the subject in this work is slightly 
different from that in any existing boots. The problems are 
stated in a more comprebensive way, and are made to include 
more cases than is usual with other writers. After the 
statement of tbe problem follows the general solution, which 
is usually given without reference to any particular example 
Rest comes the application of the problem to one or more 
examples. In many cases the student may not fully under- 
stand the general solution of a problem until he has worked 
out the example which illnitrates it Tbe advantage of thii 
mode of treatment is, that it is more systemitic, and enables 
the student to get a more mtelligent and compiehensive 
grasp of the subject. Aftci woikmg the examples and 
mastering the general solution of a pioblem, the student i5 
better able to cope with any fresh esimple^i which nuy come 
before him, than if he had li.'uuLd the subject ftom ex'ttaples 
onJy. 
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n PREFACE. 

The elementary portion of tlie suTjjeefc is treated of in 
Part I., and the more advanced portion in Part II. 

A great want which the anthor has found in esisting 
worka on descriptive geometry is that of a sufficient number 
of good eserciees properly graduated ; he has, therefore, been 
at considerable trouble to collect and devise a large number 
of exercises, and he believes that in no other work of the 
kind will there be fotmd such a good collection. In this 
matter he would reuord his indebiedccss to the eaamination 
papers published by the ycienco and Art Department, which 
has done bo much to promote the teaching of this and other 
science subjects thiotighout the country. 

In conclusion, the author would like to impress upon the 
student the necessity of working out all the esamples and 
exercises on paper with the drawing instruments, neatly and 
of full size. It is not enough for the student to know how 
a problem is to be solved, he must actually work it out ; 
as very often, from the peculiar position of the points, lines, 
or planes, the result is quite different from what he would 
have expected. 

D. A. L. 

Glasgow : Novmber 1863. 
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PEACTICAL SOLID 

DESOEIPTIVE G-EOMETEY. 

PABT I. 

CHAPTER I. 

IHTKODUCTIOK. 

Practical Solid or Bescnptim OeomFhy is that biancli of 
geometry which treats (1) o£ the repieaentation of figuiea 
having three dimerLsions — length, breadth, and thickness — 
upon a plane surface, which has only two dimensions, namely 
length and breadth; and (2) of methods for deteimiiiLn^fiom 
this representation the esaot form of the figure represented 

Trtyeation. The problems of Descpipti\e Geometiy are 
best fiolYed by means of the method of projection', which wo 
shall now consider. 

When an object is seen by the eye of an mdiviflual.iays 
of light OQme from all the visible points of that object, and 
converge towards a point within the eye. Now suppose that 
a flat piece of glass is placed between the object and the eye 
of the spectator, and that each ray of light, in passing through 
the glass from the object to the oyo leaves a mark on its 
surface of the same colour and tint as the part of the object 
from which the ray came, a picture would be produced on 
the surface of the glass ; and if the object were now removed,. 
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2 DESCRIPTIVE GEOMETRY. 

■while tbe picture and the eye remain stationary, this pictnre 
would convey to the mind of the spectator the aaine know- 
ledge of the object as was conyejed by the pres nc £ the 
object itself. Again, if instead of tbe raya of light fi m atl 
the visible points of the object leaving an. impres n n th 
glass, only those which came from the edges of tl e 1 ] t 
■were fo do so, we would now have an outline on tl bu f 
of the glass which, although it did not convey to the n d 
the same impreBsioa as the presence of the olj t t If 
might stUl give a good idea of its form. 

The foregoing remarks are illustrated hy fl 1 \ih e 
AB repreaents an. object vie^wed by an eye at B ; C D is a 
plane interposed between E and A B ; the dotted lines repre- 
sent a few of the rays of light passing from the object to the 
eye, antl A' B' is the outline obtained from tlie intersections 
of the rays of light with the piano. 

The figure A' B' is called a projection of the object AB 
upon the plane D. 

Projeetors. The rays of light or imaginary lines passing 
from the different points of the object to the corresponding 
points in the projection are called projeetors. 

Ferepective Projection. "When the projectors converge to a 
point tbe projection is a radial, conical, or perspectvoe projec- 

Pa/rallel Pn^ection. When the point fo which the pro- 
jectors converge is at an infinite distance from the object the 
projectors become parallel, and the projection is a parallel 
projection. 

Ortkographio Projection. If besides heing parallel the pro- 
jectors are also perpendicular to the plane of projection, the 
projection is a perpendicular, an orthogonal, or orthographic 
projection. 

Tbe greater part of this treatise will be taken up ■with 
the study of the latter kind of projection, and aiter this, when 
the word ' projection ' is ■used fvithout any qnaJification, 
ortht^raphio projection is to he understood. 

The Projection of a Point upon a plane ia the foot of the 
perpendicular let fall from the point on the plane. 
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4 DESCRIPTIVE GEOMETRY. 

The FrojecHon of a Line upon a plane is the line con., 
taining the projectjona of all the points of that lino. 

The JProJBcUng Swrface of a line is tLe etirface which con- 
tains the projectors of all the points of that line. 

When the projecting surface is a plane it ia called the 
projecting plane. 

One projection alone of a figure is not stifficient for 
determining its exact form. For instance, let the triangle 
ah che the projection on this sheet of 
,j paper of a triangle, which is eituatecl, 

Bay, 8om.ewhere above it. It is oleitr 
that tte exact form, of the triangle of 
which abe is a projection will de- 
pend upon the relative distances of 
its angular points from the paper; but 
i nothing about these distances, 
e take another projection of the triangie, say, 
sheet of paper at riglit angles to the former 





will show as we proceed that from these two projections 
tme form of the figure whatever it may be can be d 



Wo have already stated that the problems of Descriptive 
Geometry are solved by means of the method of projections ; 
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IMTRODUCTION. 5 

but we have also just stated that two projoctious, ono on each 

of two planes at right angles to one another, were rcqnireiJ, 

We must now sbow 

how these projections '"* ^" ^ 

can be drawn, on one 

sheet of paper. 

fieferriag to fig. 3, 
&, h represents the pro- 
jection of the dovecot 
ABupon the horizon- 
tal plane Til, a' 6' 
represents another pro- 
jection of the cot on 
the vertical plane P X. 
These two prbjeotiona 
a h, a' V taken to- 
gether completely de- ; 
termine the form of 
the dovecot A.B. In 
order to bring these 
two projections into 
the same plane, let the 
plane P X rotate about 
the line XT nntU it 
comes into the horizon- 
tal position PjX; the 
two projections will 
now be in the same 
plane PiM, and may be 
drawnasinfig. 4. 

Go-ordmate Planes. The horizontal and vertical planes 
upon wHoh figures are projected in orthographic projection 
are called co-ordinate planes. These planes are supposed to 
be of indefinite extent, 

^^(yfMd Line. The line of intersection of the co-ordinate 
planes is called tlie cms or grotiiid line, and is usually denoted 
by the letters XT. 

Flan and Elevation. The projection on the horizontal 
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6 DESCEIPTIVE GEOMETRY. 

plane is called a plmi, and tbe projection on the yertical plane 
is called an elwaUon. 

Noiatiort. A capital letter denotes a point, a small letter 
its plan, and a small letter with a dash its elevation ; thus p 
denotes the plan, and p' the elcTation of the point P. 

If A B is a line in space, its plan would be denoted by ab, 
and its elevation by a' V . 

In speaking of a point P in space, we may call it simply 
the point P, or the point pp'. In like manner in speaking of 
a lice AB, we may call it the line a &, a! V. 

The abbreviations V.P. and H.P. stand for vertical plane 

^ud liopizonial plane respQCtivclj. 

In fig. 4 it will be observed that the plan is below and the 
elevation above XT ; this arises from the fact that the object 
is above the horizontal plane and in front of the vertical plane, 
as shown in fig. 3, bnt this need not be the case ; the figure to 
be proj ected may occupy any position whatever with reference 
to the co-ordinate planes. 



CHAPTER II. 

PKOJBCTIOS OE POINTS AKH LINES. 

PROBLEM 1. 
Given the position of a point with reference to the co-ordiiiaie 

planes ; to determine its prcgectiaiis. 

First, to find the plan of the point. 

If the point is m front of the vertical plane its plan is 
helow XT, and if the point is behind the vertical plane its 
plan is aiove X T. 

The distance of the plan from XT ia the same as the 
distance of the point from the vertical plane. 

Second, to find the elevation of the point. 

The plan and elevation of a point are in the same straight 
line perpendicular to S T. 
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PROJECTIOH OF POINTS ASD LIMES. 7 

The elevation of the point ia above or below X Y according 
as the point is above or below the horizontal plane. 

The distance of the elevation from X Y is the same as the 
distance of the point from the horizontal plane. 

The stodent mast verify and carefully study the above 
statements by reference to fig. 5, which is a perspfcctive view 




of the co-ordinate planes in their natural position, and of four 
points — A. BCD, showing how the projections of the latter 
are obtained. Fig. 6 is the orthographic projection of the 
same four points on the plane of the paper. 

The angles P Y L, L Y M, M Y N, and K T P (fig. 5} are 
called the first, second, third, and fourth dihedral aii^gles re- 
spectively. 

Example. To find the projeeiions of the follomng points : — 
A 2" in front of the Y. P. and l^" above the B..F . 
B I" „ „ „ l|" helow „ 



C 1|" S.Mnci 




„ l}"i.4i»» 


Di" „ 


„ 


„ 2|" below 


E m 




,. 2" 



The plan of A will be 2" below X T, and its elevation 1^" 

above X Y. 
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8 DESCRIPTIVE GEOMETRY, 

The plan of will be If above XT, and its elevation 1|" 

above X T. 
D „ I" „ „ „ 2i" 

below X Y. 
» ^ „ in „ „ „ 2" 

below XT. 



»"' Scale-t 

The projectiona o£ the points will therefore be as showa 
in fig. 7. 

PROBLEM 2. 

To determinB, from. Us projections, ike position of a point with 
reforence to the co-ordinate plcmes. 

This is the converse of Problem 1. 

First, to jmd the posiUon of the point with reference to the 
vertical plane. 

If the plan is helowXY the point is irajroni of the vertical 
plane, and if the plan ia above XT the point is iehind the 
vertical plane. 

The distance of the point from the vertical plane is the 
same aa the distance of its plan from XT. 



!, to find the posiiion of ike point with reference to the 
horizontal pla^te. 

The point is above or below the horizontal plane aoeording 
as the elevation is ahove or below X T, 

The diatance of the point from the horizontal plane ia the 
same as the distance of its elevation from X Y. 
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PROJECTION OF POMIS AND LINES. 9 

EsAMPliE. To detennvne the positions of the poivis whose pro- 
jeotions are given, i/nfig. 8 : — 

A is 2|" behind the T.P. and 1" above the H.P., and 
/. in the second dihedral ^^^ ^ 

angie. ^a 

B is in the V.P. and y. ^l' 

in the H.P., and .■. in j , | 

the ground line. ^„ ' ^ 

is 1^" in front of the y | \V ^' j. i Y 
V.P. and in the H.P., and ' [ , '^., i 

.', between the first and :^ i . 3" 

fourth dihedral angles. *" j ^ 

D is 1^" in front of °*^' 

the Y.P. and 2' above the E.P., and .*. in the first dihedral 
angle. 

E is 2" in front of the V.P. ajid 2" below the H.P., and 
.'. in the fourth dihedral angle. 

PROBLEM o 
Given the distanee of a foimifrom. on f tie eo d ate ila es 

and its projection on that plane ; to det e t otJ e p o 

jection. 

The other projection will lie on the 1 ne pe pend c da to 
X T and passing through the given [ ojeet on p 9 
and its distance above or below X Y w 11 1 e dote • 

mined from the given distance, as i Problem 1 I 

EsAMPLB 1. a' is the elevation of a poini wliich ^ ' 
isl"infroniofiheverticaiplan»; to find Us plan. /' 

The plan will lie on the line through a' per- *"■ 

pendicnlar to X Y, and, since the point is 1" in front 
of the vertical plane, the plan will bo 1" below p^^ ^^ 

^^- ' ;; 

ExiMPLE 2. i is the flan of a point whieli. is |" ; 

above ike Jwrizonial plane ; to determme the devaHon. ■ y 

The elevation will be |" above XY in the ^' 

line through 6, at right angles to X Y. ''■ * 
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DESCRIPTIVE GEOMETRY. 



PROBLEM 4>. 



Fm,il. 



Owen ike prnjedions of two points in a straight line on ons of 
the co-ordinate planes, and the dista/nces of these joints from 
that plane ; to draw the projeeiiona of the line. 
By Problem 3 tiie other projectioiia of the points can be 
determined ; then the liue joining the plans of the points will 
be the required plan of the line, and that joining the eleva- 
tions of the points will be the required elevation. 

EsiMPLE 1. a, b are tha plane of two points in a strnigM 
fe'wej Aisl^" above, andB isl^" ieloWjthB honawttal platie; 
to determine the plan dwd ele- 
vation of the line A B. 
r^\^^ Join a 6. a B is the plan 

i ^N. of the line. 

— j ^ \ — ^ Since A is 1^" above the 

I J><r^^ horizontal platie, its elevation 

i ^ — -""^^^(i' a' will be \y above X T, and 

)^ — in a line through a at right 

angles to X T. 
The elevation 6' of B will be 1;^" below S T in the line 
- through fc, at right angles to 

XT. 

The line joining o,' h' ia the 
elevation of the line. 

EsiMPLB 2. a', V wre the ele- 
y vationsoftwofointsinastToighi 
line ; A is 2" in front of, and B 
13 ^" behind, the vertical plane ; 
to draw the projections of the 
line A B. 

The plan of A wiU be 2" below XT in a line through a' 
perpendicular to X T. 

The plan of B will be ^" above XT in a line through 6', 
at right angles to X T, 
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Thtia, haying determined the plans of two points in the 
liae, the lice joining them will he the required plan, and the 
line joiEing the given elevations, a.' axA h', will be the required 
elevatiom 

Bjcample 3. abc is the plan of a triangle ; the lieighk of 
the points ABO above the horizontal plime are 2", ^", and 1" 
respectively. To draw the eUvation 
of the triangle. 

The elevations, a' h' e', of A B 
aud C can be determined aa in 
Problem 3. Joining these, the 
elevation of the. triangle ia deter- 
mined. 

The inclination of a line to a 
plane ia the angle between the ]ine 
and ite projection on that plane. 

The traces of a line are the points in which the line, o 
ets the co-ordinate planea. 



'\>r' 



Sale -f 



PROBLEM 5. 
From the projections of a line to deiemvine (o) its l&tt.gth, (h) its 
16 co-ordinate planes, {e) Us traces. 




(a) The length of the line. The projection of a line upon 
a plane will be leaa than the line itself, unless the line is 
parallel to the plane ; in the latter case the line and ita pro- 
jection will have the same length. 
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12 DESCRIPTIVE GEOME'IEY. 

The ortbographic praiection of a liaa can never bo greater 
than the line itself. 

A line, its projection on one of tho co-ordinate planes, and 
the projectors from its ends to that plane, form a plane quad- 
rilateral figure, concerning 
which everything is known 
for constructing it i£ the plan 
and elevation of the line are 
given. One method, there- 
fore, of finding the length of 
the Hne wiU be to coastruot 
this quadrilateral. 

Thus, let the plan and 
eleyation of a line he given 
as in flg. 15. Eefercing to 
the perspective figure, it will 
be seen that the lino A B, its 
plan a h, and the projectors A a, B 6 form a quadrilateral, 
the base, ab, of whicb is given. Also Aa^ a' ai, and 
B& = 6'6,. Also Aa and Bb are at right angles to ab. 
Hence, to find the length of A B, draw (fig- 15) a A, at right 
angles to a.B and equal to a'a^; also draw iB, at right 
angles to a & and equal to b' b, : Aj B^ wiU be the length 
required. 

Note. If the extremities of the line A B were on opposite 
sides of the horizontal plane, the perpendicularea Aj and 6B, 
would be drawn on opposite sides of the plan a b. 

(6) The inclinations of the Une to the eo-ordmate planes. 
Referring to figs. 1-4 and 15 it is clear that the inclination of 
A B to the horizontal plane is the angle between a b and 
A| Bi, so that the construction for determining the length of a 
line also serves for finding its inclination, li ah and Aj B^ 
do not meet within a convenient distance, the angle between 
tbem may be found by drawing through a point in one of 
them a line parallel to the other ; then the angle between 
th^e two intersecting lines is the angle required. 

The inclination of the line to the vertical plane is found 
by constructing the quadrilateral a' b' B^ Aj, where a' Aj and 
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PROJECTION OF POINTS AND LINES. 13 

V Bj are a,t right angles to a! V and equal to a a, and h B| 
respBctively. 

Tie inclination of a line to the horizontal plane is nstmlly 
denoted by the Greek letter fl (theta) and its inclination to 
the vertical piano by tKe Greek letter ^ (phi), (Notice that 
e is the letter o with a Sonsoji.- 
tal line drawn through it, while '"' 

^ IS the same lettei with a vsr- 
itcul bne diawn thiough it.) 

The len^ of the line AB 
and its melinations to 
ordinate planea may also be X— 

found as Mlows 

Throughadrawai, parallel 
to XY. With centre a and, 
radius a &, describe the arc & 6|, 
cutting a hi at i,. Draw ij h\ 
perpendicular to XT, meeting 

a lino through 6' parallel to X T at h',. a'h\ will be the 
length of A B, and the angle a' h'\ V will be its inclination to 
tho horizontal plane. 

The construction for finding the inclination of the line to 
the vertical plane will be understood from an inspection of 
the figure. 

Comparing this construction with the previous one, it 
will be seen that in both cases a quadrilateral is drawn having 
a base equal to one of the projections of tho line, and in the 
first construction the base is made to coincide with that pro- 
jection, while in the second construction the base is made to 
lie on XT. 

(c) The traxxs of the line. After making the construction 
for finding the true length of the lino as in fig. 15, if A, Ej 
be produced to meet the plan a & at H, then H will be the 
horiaontal trace of the line A B. In like manner if A2 Bj be 
produced to meet the elevation ct'6' at V, this point will be 
the vertical trace of A B. The correctness of this construc- 
tion is apparent from an inspection of the perspective figure. 

If it is only the traces of the line which are required, then 
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DESCRIPTIVE GEOMETRY. 



the following constrnction is simpler than that just ^ven. 
Produce, if nec^sary, the elevation to meet X Y at h', through 
V draw A' H perpendicular to X Y to meet the plan a h, or the 
plan a 6 produced at H; His the horiaoutal trace of AB, 
For, since the horizontal trace of a lino is the point where the 
line meets the horizontal plane, it is a point in the line, and 
also a point in the horizontal plane, therefor© its elevation 
will be in the elevation of the line and also in X T, while its 
plan will be in the plan of the line and in the line through its 
elevation perpendicular to XY; but the plan of a point in 
the horizontal plane ia the point itself. 




In like manner to find the vertical trace produce the plan, 
if necessary, to meet XY at u, through « draw w V perpen- 
dicular to XT to meet the elevation, or elevation produced at 
V ; V is the -vertical trace of A B, 

This construction fails when the plan and elevation of tie 
line are in the same straight line perpendicular to XT, but 
the other construction will apply provided the plans and 
elevations of two points in the line are carefully marked as in 
fig. 18 (a). If the plan and elevation are unlettered as in fi^. 
18 (6), the true length, inclinations, or traces of the line cannot 
be determined. 

When the projections of a line are perpendicular to X T, 
the line itself is perpendicular to XY, and its inclinations to 
the co-ordinate planes are c 
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PROBLEM i 



figiire to del&rmme its true for. 
i plane will alwa 



"■<\. 



FVom fke projections of a jili 

The projection of a plane figun 
be different from that figure, 
excepting when it ia parallel to 
the plane, when the figure and 
its projection "will he exactly 
alike. To determine the true 
form of any plane figure it is ne- 
cessary to know the true diatanceB 
of a sufficient number of points in 
it from, one another ; now these 
distances can be determined from 
the projections of the figure by 
Problem 5. 

ExAMi'LB 1, Qiven the plan 
ahc and the elevation alVo' of a triangle ; to find its true for 
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Find the true lengths of the sides of the triangle hy Pro- 
blem 5, and then draw a triangle ABC, haying ita aidea 
equal to theae lengtta ; A B C will be the true form of the 
triangle. The conatrnction ia ahown in the figure. 

Example 2, Qivm the plan aicde, and the elevation 
a'h'o'd'e' of a, pVme ^oVygon {fig. 20); to pad its tnie f<mn. 

Join h e, h'e', c e and o'e', determine the true form of each 

of the triangles ABE, B E, and CDE, and place them 

together as shown (fig. 20a), so as to 

Fir. 2(ta, ^ ^^^^ ^^^ polygon ABODE; tbia ia 

the figure required. 

ITote that when the figure has 
more than three aides, it is not enough 
to determine the true lengths of theae 
sides in order to find its true form ; 
the true lengths of a number of its 
s must also be found. 




Jvbfe. The traces and inclinations of the sides of tho 
figure can also he found by Problem 5 ; and it will be found 
that all the horizontal traces will lie in the same straight line ; 
also all the vertical traces will lie in one straigbt, and the 
former line will either meet the latter line at a point on XT, 
or they will both ho parallel to XT. This will be referred to 
in considering the straight line and plane. 



PROBLEM 7. 
To mark off a given lenqth n a given Une. 

Let a h a'b' be the projeotions of the line, it is required to 
find the projections of a point C in this line, so that A C 
shall be a given length 

Find the true length A E of the lino by Problem 5, make 
AC equal to the requiied length, through C draw c per- 
pendicular to tf 6 thiouLh c draw cc' ■perpendicular to XT 
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meeting a'b' at o'. a is the plan and c' is the elevation 

required. 

If the plan and elevation of the line are perpendicular to 

XT, find the plan o as before, arid make the distance of c' 

from XT equal to Co. 

The eorrectnesa of tho construction will be evident in each 
e if it bo worked backwards. After finding c and c', pro- 




I 



ceed to find the true length of A C when it ■will be fotind 
equal to the given distance. 



EXERCISES. 

1. Show the projections of the following points : — 

A ^" in front of the vertical plane and 2" above the hori- 
zontal plane. 

B 2" „ „ „ „ 2" below the hori- 

nontal piano. 

C 1^" „ „ „ „ in the homontal 

pl.m. 

D If" behind „ „ „ 1^" above the hori- 

BOntal plane. 

E 1|" „ „ „ „ 1^" below the hori- 

zontal plane. 
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IT.B. — Use th.e same giotuid !me foi all the projection! 
and make the perpend inil\rs fiom the projections on S Y i 
"each case ^ iptrt 

2. Draw the piojecti^ns of the following points as i 

A 1" behind the TertiCdl plane and m the horizontal plau' 

C 1" in fiont of the „ „ 1^ helow „ 

D in „ „ „ 1'' „ „ 

E 2" in front of „ „ „ If above , „ 



'^: 



k 



3. State the exact positions of the points whose projeo 
tions are given with reference to the co-ordinate planes. 

4. A point 1^" below X Y is the eleTation of two poinc~ 
A and B. The plan of A is 2" above and the plan of E 2" 
below XY. Draw the projections of A and B, and state their 
positions with reference to the planes of projection. 

5. A point 2" ahove X Y is the plan of three points 
ABC. A is 1" above, B is l^" below, and C is in the 
horizontal plane. Determine the projections of A B and C. 

6. Determine the projections of the points ABODE when 
the plan of A is 1^" below X T, and the point A ia 2" above 



,H" " " 


B is 1^" below 




the horizontal plane. 


, 1|" above „ 


C is If" above 




the horizontal plane. 


fDi3l"below„ 


D is 2" behind 




the vertical plane. 


E „ in 


„ E is 2i" behind 




the vertical plane. 



y Google 



PROJECTION OF P0IKT9 AND LINES. 19 

?. Determine the plan and elevation of each of the points 
ABODE when 
a' ia 1^" above X T, and the point A is 1" in front o£ the 

vertical plane. 
h' „ If below „ „ B „ 2" in front of the 

vertical plane. 
e' „ in ,, „ C „ If" in front of the 

vertical plane. 
d „ „ „ „ D „ in the horizontal 

e „ 1" above „ „ E „ l^" below the hoi-i. 

zontal plane. 

8. A line parallel to X Y and 1^" below it is the plan of 
a line ; two points a, h, in this plan are 2^" apart. A is 2" 
and B 1" above the horizontal plane. Dravr the projections 
of the line. 

9. ah, the plan of a line, malces an angle of 30° with XT, 
a b being 2^". The point B ia in the horizontal plane, and the 
point A is ia the vertical plane, and 2" above the horizontal 
plane. Show the plan and elevation of the line. 

10. The elevation a'V of a line is inclined at 45° to X T, 
a.'b' being 2" long, a' is 1" above XT; &' is also above 
X Y. A is ^" in front and B 2" behind the vei-tical plane. 
Draw the plan and elevation of A B. 

11. The plan of a certain triangle is an equilateral one, 
aho oi 2" aide, one side ab coinciding with XT. The 
heights of A, B, and C above the horizontal plane are 1", 1^", 
and 2^" respectively. Draw the elevation of the triangle. 

12. A regular hesagon a'bc li'f ot 1 aide ia the elevation 
of a certain figure which is in front ot the vertical plane and 
above the horizontal plane ; <ib is paiallel to XT. The dis- 
tances of the points A B C D E F from the vertical plane are 
1", 1", ^", 0", 2^", l-g" respectively Draw the plan of the 
figure. 

13. A horizontal line 3" long is 1^'' above the horizontal 
plane, one end of the line is in the vertical plane and the 
other end 1^" in front of it. Draw the projections of the 
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14. A vertical line A B 2" long is 1" in front of tlie vertical 
plane, the lower end B beiag in the horizoatal plane. Draw 
its plan and elevation. 

15. Show the real distance between the points whose pro- 
jections are given in fig, 24. 

16. The plan ffli. of a line is 3" long, A ia 1" and B ia 2^" 
above the horizontal plane. What is the true length of AB 
and ila inclination to the horiaoatal plane ? 

17. a' and e' (fig. 25) are the elevations of two points in 
the vertical plane ; 6 is the plan of a point in the horizontal 



f 

i 



plane. Determine the real distance between A and B, B and 
C, C and A, 

18. One end of a rope is fastened to the top of a vertical 
pule '24' high ; the other end is fixed to the ground at a point 
30' from the pole. Determine the length of the rope. Scale 
1" = 10', 

19. One end of a line is -76'' below the horiaontal plane, 
the other being 1'5" above it. The length of its plan is 3", 
and it makes 30° with XT. Show the projections of the lino 
and determine its true length and inclination. 

20. The plan of a line is 2" long, and its elevation is 3" ■ 
the projectors of its extremities are 1" apart measured along 
X T. What ia its true length and inclination to each of the 
co-ordinate planes ? 

21. Define the 'traces of a lino.' When will a line (a) 
have no traces, (b) a horizontal trace only, (c) a vertical trace 
only, (d) both a horizontal and vertical trace P 

22. Aasame the projections of a line parallel to neither 
plane of projection. Determine the traces of tbe line, and 
the real distance apart of those traces. 
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23. What 13 the true length of a line if its plan rasasurea 
2'5", and if it is inclined at 25° ? 

24. A point P is 13" above the horizontal plane, and 1" 
in front of the vertical plane ; another point Q is '75" below 
the horiaontal plane, and 2*25" behind the yertioal plane. The 
distance betweea the projectors measured along XT is 2", 
Determine the true length and inclination of the line P Q, and 
also its traces. 

25. ah, the plan of a line, is 2" long. The height oi A is 
1-4", and of B 2". Determine and write down the height of 
the middle point of A B. 

26. The tops of two vertical poles are 45' apart ; the poles 
are 30' apart, and the height of one pole is 12 feet. Determine 
the height of the other pole. Scale 1" = 10'. 

27. Three lines, ao,ho,co, meeting at o, form the plan 
of three sticks whose lower ends, ABC, rest on the ground, 
and whose upper ends meet at 0, The height of is 11'. 
Determine the lengths of the three sticks. Scale \" ^ 1'. 
(_a,oh = 125°, & e = 115°, a o = 1-2", h o = 1'8", c o = 1'2"). 



At what 



s of an equilateral 
l^^" and 2" above 



28. The plan of a line 3" long is 1-5" in 
angle is the line inclined ? 

29. Three points form in plan the corne: 
triangle of 2|' side, and are at heights of 1" 
the ground. Determine the true form of 
the triangle of which this is the plan. 

30. A triangle ab c (a b = 2", 
6c = 2J", c(i = 2|" ) is the plan o£ one. 
The height of A & 1 of B .- and of 

2 Tak ng I 6 for the g onnd line, 
draw the elevat on and determ ne the 5< 
true form ot the ti angle 

31 A reoTilar hexagon ' def of 

1 s de B the plan of a plino figure. 
Tl e 1 ei<r\ t of A i-- 1 of B 1 ', of C 
11 of D 2 of E " an 1 ot F l^". 
Determine the true to m of the figure A B C D E F. 

32 the e [a lateral t a gles ( b c, a'b'c' of 2" side a: 
plan and elevat on re'ipe t vely of a triangle ; b c and b' 
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diciilar to XY, and c and b' are each ^" from XY, 
e tbe true form of the triangle ABC, and tbe traces 
of its sides. 

33. Draw a sqnare a'b'c'd' of 2" eide, d'c' being on X Y. 
The sides a'b', h'o\ and the diagonal a'e' aro the elevations of 
the sides of a triangle ABC. The points A B and C are at 
distances of 1", 1^" and 2" respectively in front of the vertical 
plane. Show the true form of the triangle ABC. 

34. Drawing the square as in Exercise 33, determine the 
true form of the triangle ABC when a'b'c' is also the plan of 
that triangle. 

35. Taking the figure to Exorcise 1-5, show the projections 
of a point situated in the lino joining A and B, aikd 1" from A. 



CHAPTER III, 

( SOLIDS IN SIMPLE POSrriOKS. 



Proj'ecKon. of Solids. It has already been stated (Introduction) 
that the object of Descriptive Geometry is to convey to the 
mind an impression of the exact form and size of objects, which 
havelength,breadth,and thickness, by means of representations 
on a surface, which has length and breadth only. 

Now a solid may be conceived as made up of an immense 
number of small particles or material points, the relative 
positions of which may he represented by their projections 
on two planes, as explained in the preceding chapters ; but, 
as in looking at a solid it is generally only those points on its 
external surface which are seen, all our impressions of the 
form and size of objects are derived from tbo form and extent 
of their surfaces. It is therefore nnuecessary in representing 
an object on paper to give the piojections of points in its interior 
— that is, it is only necessary to represent the surface of the 
solid. 

Again, the form and extent of a surface is generally known 
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■when we know the forms, lengths, fknd relative positions of 
a sufficient number of lines on that snrfaee. But we have 
seen that by the method of projections the forms, lengths, and 
relative positions of lines may be represented on a single flat 
surface. Hence, to represent a solid on paper we need to show 
the projections of a sufficient number of lines on its surface. 

When the solid has plane faces, the projections of the 
boundary lines of those faces are all that is necessary in order 
t them. 



DEFINITION OF SOLIDS. 



u is a solid boanded entirely by planes. 

f a polj hedron are the lines of intersection c 



s of a polyhedron are the plane figures 



A 'pol/yhedi 

The edges 
its bounding planes. 

The siOm or foa 
formed by its edges. 

A polyhedron is said to b( 
and regular polygons, and ea 
angle. 

There are only five regular polyhedra — viz. the tetrahedron, 
the cube, the octahedron', the dodecoJiedron, and the ieosahedron. 



'jjulo/r when its faces are equal 
pair include the same 




The tffnaJi'ibrov has four ikces, all eqnilateral triangles. 
The cnibe has six faces, all squares. 
The octahedron has eight faces, all equilateral triangles. 
The dodecahedron has twelve faces, all pentagons. 
The icoeahed/ron has twenty faces, all equilateral triangles. 
Models of these five solids can readily be made out of card- 
board or stiff paper in the following manner ; Draw figs. 29 
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to 33 on the pieces of cardboard or paper to any conTenient 
size, and cut them out along by their bonndaiY lines, and pierce 
a numWr of small holes along the thin lines as shown ; now 
fold them up round the tiiin lines as hiogea until the required 




solid is formed, then cover the joints with strips of thin gnranied 
or glued paper. 

The use of the small holes is to insure tliat the cardboard or 
paper will bend along the correct lines and leave sharp edges. 




3 from the above paper models can easily be got hy 
filling them with ' plaster of Paris ' and then removing the 
paper when the plaster has solidified. 

Figs. 29 to 33 are called the developments of the surfaces 
of these sohds. 
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A prism is a polyhedroD having two of its faces, called ita 
ends or bases, parallel, and tie rest parallelograms. 

Those faoea of a prism wbich are parallelograms are gener- 
ally called its sides. 




A parallelep^ed IB a prism ■whose bases are parallelogranis. 

A pyramid is a polyhedron having a polygon for its base, 
and for its aides it has triangles which have a common vertex, 
and the sidea of the polygon for their bases. 




The eommon vertex of the triangles is called the vertex, or 
apex, of the pyramid. 

The axis of a prism is the straight line joining the centres 
of its ends ; and the axis of a pyramid is the straight lino from 
its vertex to the centre of ita base. 

A right prism ia one having ita asia at right anglea to ita 



An oblique prism is 



e having its asis inclined to its ends. 
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A right ftjra/trdd has its asia perpendicular to tlie plane of 
its base. 

An ohUqae pyramid has its asia inclined to the plane of ita 

Tbe altiluda of a prism is the perpendicular distance be- 
tween the places of its ends ; and the altitude of a pyramid is 
the perpeadicalar distance of its vertex from the plane of its 

Prisma and pyramids are named from the form of their 
bases— as triangular, square, pentagonal, hexagonal, &o. 

A cylinder resembles a priain. If the sides of the bases of 
9 prism be coutinaally diminished in length and increased in 
number, the ultimate form, of the boundary lines of the bases 
wdl be curved lines, and the ultimate foi-m of the prism will 
be a cylinder. 

A right cylinder has ita axis at right angles to its ends. 

A right circular cyKnder has ita axis at right angles to ita 
ends, which are equal circles. 

Aright circular cylinder may also be defined as a solid 
described by the revolution of a rectangle about one of its 
aides, which remains fixed. 

The fixed line about which the rectangle revolves is the 
axis, and the circles described by the opposite revolving sides 
are the bases, or ends. 




A aone reaembloa a pyramid. If the sides of the base of a 
pyramid be continually diminished in length and increased in 
number, thfi ultimate form of the boundary line of the base 
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will be a carved line and ihe ultimate form of tiie pyramid 
will be a cone. 

A right airaular eone has its asia at right angles to its 
base, which is a circle. 

Aright circular cone may also be defined as a solid, de- 
scribed by the revolution of a right angled triangle about one 
of the sides containing the right angle, which side remains 
fixed. 

The fised line about which the triangle revolves is the 
axis, and the circle described by the other side containing the 
right angle ia the baae. 

A sphere is a solid every poiat on the surface of which is 
at the same distance from a point within it, called its centre. 

A sphere may also be defined as a solid described by the 
revolution of a semicircle about its diameter, which remains 
fixed. 

The centre of the semicircle is the centre of the sphere. 

PROBLEM 8. 
To draw the projections of a 'pruw. vjkem, one end is f mallei to 

one of the co-ordinate plames, and one side of that eiid or <m 

adjacsaifaGe is inclined at a given angle to the other plane, 

or to the ground Une. 

Since the ends of the prism are parallel to one of the co- 
ordinate planes, their projections oa that plane will show their 
true form, and aa the form of the ends is supposed to be 
given, this projection is therefore drawn first, being so 
placed with respect to the ground lino as to fulfil the second 
condition of the problem. 

Example 1. To draw the projections of a sjwore prism 
hose, 1^" side, altitude 2^", when one end is on the H.I', and 
one side of that end is incli'iied at 30° to the Y.F. 

First draw the plan, which will be a square of 1^" side, 
having one side inclined at 30° to the ground lino. From 
the plan the elevation is got by drawing perpendiculars to 
XT from the comers of the square, as shown. The height 
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of tlie elevation is eqnal to the altitude of the prigm, namely 

It will be noticeil that in the elevation one of the edges ia 
dotted because that edge is behind the solid and therefore hid 
by it. Great care mnst be taken by the student to make 
those lines of the elevation dotted -which would be hid by the 
object when viewed from the front, and those lines of the plan 
dotted which would be hid by the object when viewed from 
above. 





K 
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EsAMPEE 2. To dra/u) the plim and elevation of a pentagonal 
'prism when it Ues with one side on the H.P, and its ends 
parallel to the V.P. ; side of pentagon 1" , length of prism 2". 

First draw the elevation, which will be a pentagon of 1" 
side, having one aide on X Y. 

The plan is got from the elevation in the same way as the 
elevation was got from the plan in Esample 1. 

Example 3. The hoses of im ohUque pmm. are hexagons 
of 1" side. The perpendicular from the centre of one end on to 
the plane of the other passes through one of the (Mig-ala/r points 
of the latter. One end of the prism ia inthe H.P., avd the plan 
of its axis mahes 10° mth the ground line. Draw plan and 
elevation; altitude of prism 2". 
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Th pi n f th nd will he two liexagona of 1" 
w tl tl d f th 
f !i 1 Til 1 



tie pi f tK 
^h h n 11 b p HI 
to n d f 1 , 
lienoe the hexagons wilt 
have one side inclined 
a.t 10° fco XY. 

The elevations of the 
ends will be straight 
Sines, 2" apart, one be- 
ing in XY ; and tlio 
elevations of the corners 
will be where the per- 
pendiculars from the 
plan cut these tw o lines, 
as shown in fig. 38. 



PROBLEM 9. 
To draiv the projectiotis of a pyramid when its hose is parallel 

to one of the co-ordinate planes, and one side of the hose is 

incUned at a giveti angle to the other plane or to the ground 

line. 

The projection of the pyramid on Vae plane to which the 
base is parallel is drawn first, and will be a polygon equal to 
the base with lines drawn from the projection of the vertex to 
the angular points of the polygou. 

Example 1. A right pyramid has a pentagon of 1" side for 
its base, and has an altitude of 2". The base is in the H.P., omd 
one side of it makes 60° vnth X. Y, Draw plan and elevation. 

Begin with the plan. Draw a pentagon of 1" side, having 
one side inclined at 60° to XT. Join the centre of this pen- 
tagon with its angular points and the plan will be complete. 
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Since tlie base is in the horizontol plane the elevations of 
all its corners will bo in ST, and the elevation of the vertex 
will be 2" above it in the line through tho centre of the pen- 
tagon perpendicular to X Y. 




Example 2. An obligee octagonal pyramid has its base in the 
V.P. A perpendicular from the apex to the &rw! passes through 
one of the angidar points of the octagon. The aid's is horizontal ; 
side of ocfajow 1", alUfvde of pijramid 2". Dram plan and 
elevation. 

First draw tbe elevation, the outline of which will be an 
octa^n of X" side. A line from the centre of this octagon to 
one of its angular points will be the elevation of the axis which 
is to be horizontal, therefore one diameter of the octagon 
must be parallel to the ground line. 

One extremity of the horizontal diameter will be the 
elevation of the vertex ; hence, to complete the elevation, 
join thia point with all the other angular points of the 
octagon. 

The plan of the base will be in XT since the base is in 
the V.P.,aiid the plan of the vertex will be 2" below it in the 
line through its elevation perpendicular to XT, 
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PEOBLEM 10. 
To delermine ike altitude of a tetrahedron. 

Referring back to the definition of a tetrahedron and to 
fig. 2?, it will be seen that it ia a right pyramid on a triangnlar 
base. Its projections may therefore be drawn by Problem 9 
if its base and altitnde are known. 

As will readily be understood from the definition of a. 
tetrahedron, its altitude will depend npon the length of edge, 
and for every size of base there will be one and 
only one altifcnde. 

Fig. 41 shows tbe plan of a tetrahedron 
wten standing ■with one face on the borizontal 
/lane, and it is required to find the lieight of 
the point V. au is the plan of one of tbe 
sloping edges, and, since all the faces arc equi- 
lateral triangles, the true length of tbe edge of wbicTi a ii is 
the plan will be equal to « h. It is therefore clear that if, 
with a as centre and a & as radius, an arc be drawn to cat 
uii', which is perpendicular to ctv at v', vv' will be tbe re- 
quired altitnde. 

PROBLEM 11. 

To irate tlip projections of an OLtahelron when one okj* u per- 
pendi,eula,r to oup of the co ordinate plawF, and an edge 
Mof meeting that asis w mdmed at a quen artyle to tie 
other jploMe 

The lines joining the opposite anguKr points of the 
octahedron are its axes There aie thiee of these Imea all 
equal m longtb and bi^euting one another at nght angles at 
the centre of the solid. 

It will be found on examination that the octahedron 
consists of two square pyramids placed base to base, the 
triangnlar faces being equilateral triangles. Two of the 
axes of the octahedron are tbe diagonals of tbe square which 
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forms the common base of tlie two foromentioned pyramids, 
while the third axis is the line joining their vertices. 

The projection of the octahedron on the plane to whicli 
the axis is perpendicular is drawn first, and will be a square, 
-with its diagonals ono aide making 
(,, the given angle with the ground 

line. The method of finding the 
other projection will best be under- 
stood by considering the following 




Example. Tite edge of the octa- 
hedron is 1;J", one axis is vertieal, 
and one of the horizontal edges makes 
20° with the V.P. To draw pl<m 
and elevation. 

First draw the plan, which will 
be a square of l^"8ide, one side 
being inchned at 20° to X Y. 
Find the elevations v,' v^' of the extremities of the vev- 
tieal axis, Vi v^ will he equal to a c or hd, and will be in 
the line through u perpendicular to XT. Bisect )?/ jjg' by 
the horizontal line of c'. Through ahc and d draw perpen- 
diculars to meet a' cJ at al V a' d' ; complete the elevation by 
joining each of the lattei' points with ii,' and Vj'. 



PROBLEM 12. 

To draw the projections of a right cmrcnda/r cylinder when its 
axis is at right angles to one, or parallel to both, of the co- 
ordinate planes. 

When the axis is perpendicnlar to one of the co-ordioate 
planes, the projection oa that plane will be a circle equal to 
that of the ends of the cylinder. The projection on the 
other plane will he a rectangle, one side being parallel to the 
ground line and equal to the diameter of the circle, while the 
other will be equal in length to the axis of the cylinder. 
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When the axis is parallel to both planes of projection, 
each projection, will be a rectangle equal to the one just de- 
scribed, but that side which ig eqnal to the diameter of the 
cylinder will be perpendicnlar to the ground line, 

PROBLEM 13. 
To draw the pTojections of a right circular cone when its ams 

is i jhlai jle i p III i i t) of the co-ordd- 

not plane 

Wh th p p d 1 t f the co-ordinate 

plane hpjt ttpl wllb circle equal to 

that f th ba. f th Th i i t on the other 

plan w 11 b a It 1 t bas h lug parallel to 

the gr lb d^lttldmt i the base of the 

cone dh gnltl qltthtf the cone. 

Wh th 1 11 1 t b th pi of projection, 

each i]t will t 1 qlt the one just de- 
scribed b t th 1 mill b I p d lai to the ground line. 

PROBLEM 14. 
To draw the prt^eaUons of a sphere. 

AM projections of a sphere are circles, having a diameter 
equal to that of the sphere. 

The plan and elevation will have their centres in the 
aame straight line perpendicular to the ground line. 

EXERCISES. 

1. Draw the projections of a cube of 1^" edge when in 
each of the following positions ;— 

(a) One fece in the H.P. and an adjacent face in the V.P. 

(fc) One face in the V.P. and an adjacent face inclined at 
35° to the H.P., the lower edge of tho latter face being in 
the H.P. 

(c) When the edge nearest to the V.P. is vertical and ^" 
in front of the V.P., the lower end o£ that edge being ^" 
above the H.P., and a face containing it inclined at 20° to 
the V.P, 
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2. The ends of a right prism are regular hexagons of 1" 
side, and the prism is 2" long. Draw its plan and elevation 
in each of the following positions : — ■ 

(a) Wben one end is in the H.P. and one side parallel to 
the Y.P., and '2" in front of it. 

(h) When one end is in the V.P., the lowest edge -5" 
above the H.P., and a side containing that edge inclined at 
30° to the H.P. 

(o) When situated as in (6), excepting that the side is 
inolined at i^" instead of 30°. 

3. Draw the plan of a right heptagonal prism (b^e 1" 
side, axis 2" long) when lying with one side in the H.P. 

4. An obliqne prism, whose bases are sqnarea o£ 1" side, 
stands with one of them in the H.P. The square, which ia 
the plan of the npper end, has one angular point coinciding 
with the centre of the square, which is the plan of the other 
end. The altitude of the prism is 1^". Draw a plan and 
elevation of the prism when in each of the following posi- 
tions :— 

(a) One diagonal of the base perpendicular to X T. 

(6) The other diagonal of the base perpendicular to XT. 

(a) One side of the base perpendicular to X T. 

6. A right pyramid has a square of 1-5'' side for its base, 
and an altitude of 2". Draw its plan and elevation when its 
base is in the H.P., and one side of that base is inclined at 
30= to X Y. 

6. An octagon of 1" aide is the base of a right pyramid, 
whose asis is 2''2.5" long. Draw its plan when the base is in the 
V.P., and the lowest corner of the base ia '25" below the next. 

7. Draw the plan and elevation of a tetrahedron of I'S" 
edge when one fa«e ia in the H.P. and an edge is inclined at 
20" to the V.P. 

8. Draw the projections of an octahedron of 1-5" edge 
when one axis is vertical and one edge inelined at 4-0° to 
the V.P. 

9. The base of a j^ramid standing on the H.P. is a 
rhombus of 2" side, with an acute angle of 60°. The vertex 
is vertically over the middle point of one of the sides of the 
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feaao, and 2-5" distant from it. Draw plan and elevation 
when a side o£ the base adjacent to that under the vertex ia 
parallel to X Y, Alao determine the true length of each of 
the sloping edges. 

10. Show the projections of a right circnlar cylinder 1'5" 
diameter and 2" long when in each of the following posi- 
tions : — 

(a) Asia vertical. 

(6) Asia at right angles to the V.P. 

(c) Asia parallel to both planes of projection and 1" 

distant from ea«h. 

11. Draw plan and elevation of a right circular cone, base 
2" diameter, a^ia 2" long, (a) when the base is in the V.P. j 
{h) when the axis is vertical. 

12. Draw the projections of a spbere 2" diameter (n) when 
its centre ia i'5" above the H.P. and 1-25" in front of the 
V.P. ; (6) when its centre ia in the ground line. 

13. The cylindrical part of a bolt is 1" diameter and 2" 
long, and the head is a liexagonal prism (base 1" side, axis 1" 
long). The axes of prism and cylinder are in the same 
straight line. Draw a plan and elevation when the bolt 
stands on its bead, and has one side of that head parallel to 
tlie V.P. 

14. A hexagonal prism (side of base 1", height 1"), having 
its base in the H.P., and one side inclined at 10° to the V.P., 
ia surmounted by a tetrahedron having the corners of its 
base at three of the angular points of the prism, one comer 
coinciding with that corner of the priam which ia nearest to 
the Y.P. Draw plan and elevation. 

15. A rectangular slab, 2^" x 1^" X |", rests with one of 
ita large faces on the H.P. Eour square prisms, ^" x j" X 1", 
stand on the upper face of this slab, having one angle of each 
base coinciding with an angle of that face. On the top of 
theae prisma rests a right pyramid having a base equal to 
the large faces of the slab, which base is vertically over the 
slab, and having an altitude of 1", Draw a plan and elevation 
of the whole when the long aides of the slab are inclined at 
25° to tlie V.P. 
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CHAPTER IV. 

THE FLAKES Or PROJErcIO\ 



Auxiliary Projections. It lia^i been alieady stated tbat one 
plan and elevation of an object dettrmme^ its tme form, but 
there are caaes where this la not qnite true ind many others 
where additional projectioi 9 would tend very much to give 
a clearer understanding of the ohject. Thna, in fig, 43, wg 
P,^ J, have a plan (u) and elevation 

(a,') of a rectangular block 
having recesses in all its faces. 
It is clear from the given plan 
and elevation that the recessea 
in the kip, bottom, front, aud 
back are cylindrical, but those 
in the other two faces might be 
either square or circular in their 
cross section. To settle the 
would require an end view (»'i) — 
plane parallel to the ends. This 



o : 



(». 



3 Q [ 



ni 



form of the end holes i 

that is, a projection on 

second vertical plane will intersect the horizontal plane 

straight line, which will be another ground line. 

The end elevation is projected from the plan in the si 
way as the front elevation. 



PROBLEM 15. 

A plan mid elevation of a point being ffi/ven, to find anoiher eleva~ 

Hon. from them. 

The angle between two vertical planes is the same as the 
an>.;le between their ground lines. The ground hues, there- 
fore, 6s the position of the vertical planes. 

Let a a' he the projections of a point A, and X, T, the 
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ground line of a second vertical plane. The projection oi the 
point A on the second vertical piano will bo i 
lino through a at right angles to 
X, Ti ; and since the elevation of a „, 

poiat gives its distance from the hori- 
zontal plane, the new elevation a'l will 
be at a distance from X, Tj equal to 
the distance of a' from X T. 

If the first elevation is below the 
first ground line, the second elevation 
will be at the same distance below the 
second ground line. 



PROBLEM 16. 

A plcm aad elevation of a line being given, to find (mother eleva- 
tion from (Asm. 
Let a h, a' V be the pla-n and elevation of aline, AB, and 

Xi Ti the ground line of the new vertical plane. Find the 




new 

problem ; the line 



the points A and B by the preceding 
will be the elevation reqnired. 



PROBLEM 17. 

Given the projections of a])&mt, to determine its distance from 

the ground line. 

The distance of a point from the ground line is the length 
of the perpendicular from the point on to the ground line. 
As in general this perpendicular will bo inclined to hot!; 
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co-ordinate planes, neitlier its plan nor elevatioa will show its 
true length ; but by making an end view of the co-ordinate 
planes and the perpendicular, the latter will be projected on a 
plane parallel to it, and will therefore have its true length 

Example, a a,' (fig. 4:6) are the projections of a foint A ; 
to find the distance of A from X Y. 

Draw X, Y, at right angles to X Y. Draw Y.P. in the 
same straight line aa X T. Xi Ti and V.P. are the end eleva- 



tr^ ^^: — \ 

if \\ 



— y x.-^ i- 



tions of the horizontal and vertical planes respectively, and 
the point o' iathe end elevation of XT. Determine a'l, the end 
elevatjonofA,asin Problem 15. a'l o' is the distance reqnired. 
Very often the end eleratioa is drawn as shown in iig. 4(7, 
which is just that of fig. 46, turned throagh 90°, 



PROBLEM X8. 



To ddevrnMe {he projections of a point having given its d/!stwnce 
feom one of the co-ordinate planes and its distance from the 
ground line. 

First make an end view of the co-ordinate planes, then, 
referring to fig. 47, the point a', has to be found from the 
condition that it is at a given distance from Xj Tj or V.P., 
and Jilso at a given distance from o'. Having found a\, the 
construction for finding a and a' is evident, being just the 
construction of Problem 17 worked backwards. 
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Example. A jioint, P, which is islcw tlie horixonial plane, is 
2" infront of the vertical plane and 2\" from the ground line; 
show its plan and el&vation. 

Two lines, H.P. and V.P., at right angles to one anothei" 
■will be the end view of the co-ordinate pianos. As the point 
is 2" in front of the Terti- -^j^, ^ 

eal plane, its end eleva- 
tion will be 2" from the 
line V.P. ; draw thereforo 
a line parallel to "V.P., at 
a distance of 2", tHs line 
will contain the end ele- 
vation. Since the point 
is 2|" from the ground 
line, its end elevation will 
lie on a circle of 2^" radius, having for ita centre. The 
point p'l, where the circle cuts the parallel lino (below H.P.), 















r 




p 



sthe 



elevation of the point P. From this the plar 
elevation p' are found by the construction shown in 



PROBLEM 19. 

A jlan and ileiation of a jiJane figvre being gieen, to draw 
another eleiatwn. from them 
Ihis problem i& just the applicifcion of Pioblems 15 and 16. 

ExAMiLE 1 The squates ac, a'e' (Jig 49), of \\" side, are 
the plan, and eleeittton rftpeHivelg of a iectanglej to draw 
another elniafion, the new ground Ime making an angle of 53° 
with the fint 

Find the now elevations of the points ABC and D by 
Piohlem 1!3, and join them as shown m fig 49 

Example 2. A circle 1\" in diameter has its plane veriieal ; 
to show an elevation on a vertical plane incUned at 60° to the 
plane of the circle. 

First draw an elevation on a plane parallel to the plane of 
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tlie circle ; this eleyation will be a circle of 1^" diameter. 
The plan will be a straight lice parallel to X T. Now draw 
a new ground line, Xj Y|, iiielined at 60° to ST, Take a 
convenient nnmber of points 012 3 . . , on tte circumference 




of the circle, and find their elevations O'l I'l 2'i 3', . . , on the 
plane of which Sj Tj is the ground Hne by Problom 15, join 
these points by a ' fair curve,' and the elevation required is 
complete. 

Note. The projection of a circle ia an eqnal circle, an 
ellipse, or a straight line according as the plane of the circle 
is parallel, inclined, or perpendicular to the plane of projec- 
tion. When the projection is an ellipse the major axis is 
equal to the diameter of the circle. 

In fig. 50, O'j 6', ia the minor aiis, and 3'i 9'j is the major 
axis. 

After finding the axes of the ellipse, the curve may be put 
in by any of the methods for drawing ellipses. 



PROBLEM 20, 
From one pla/n and one elevation of a solid to draw anoflier 

elevation. 

This prohlem, like the last, is just an application of Pro- 
blems 15 and 10. 

Example 1. A sqnwre prism, side of base 1", axis 1|", has 
one long edge in the horizontal plane, and a face eonta,ining thai 
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edge inelvaed at 30° ; to draw its plan and ««. elevation on a 
vertical flcme inelined at 70° to the ends of the prism. 

First draw the elevation {of) anel plan {a) by Problem 8. 

Draw the new ground line to make 70" with the plans of 




the ends. The conBtrnotion for finding the new elevation 
(a'l) will be easily underetood from the figure. 

EsAMPLE 2. A cylinder, 1^" diameter, and 1^" long, has 
its axis horizontal; to draw an elevation on a ^lane inelined at 
65° to the ends. 




First draw tTie elevation (h') ind phii (J) Drav 
■ound Hue luchned i\, C5° to the fiiat giound Ime. 
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Determine the ellipses wliicli are tbe new elevations of the 
ends in the same way as in Example 2, Problem 19, Parallel 
tangents to these ellipses complete the required elevation. 



EsAMPLB 3. A cone, lose 1^" diameter, 
'.is (tBis horizoiiial ; to drraw an elevation on 
50° to the base. 



ms 1^" long, has 
', plane imcUned at 



First draw the elevation (c') and plan (c). Draw X, Y, 
inclined at 60° to X T. Nest determine tihe ellipse which is 

FiO. 63. 




the new elevation of the base as in Exercise 2, Problem 19. 
Tangents through v'l, the new elevation of the apex, to the 
e the required elevation. 



PEOBLEM 21. 
To draw the plan of a solid when a given line in it is vei kcah 

rirst draw a plan and elevation of the solid in a sira.ple 
position so that the g^ven line is parallel to the vertical plane, 
that is, so that the plan of this line is parallel to the ground 
line. Make the new ground line perpendicular to the eleva^ 
tion of the given line, and project the new plan froni the 
elevation in a manrer similar to that for projecting new 
elevations, as in the preceding problems of this chapter. 
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Example 1 I d aw tJe flrn oj a pentagojal pyramid 
wJei mie edge pnsst tg through, the leriea^ n verticil Side of 
base 1 aUit tdel^ m rj 

Draw first a phn atiii 
elevation ot the pyramid 
when stand ng w th its b e 
on the hurizontal plane the 
plan VI (.fa al pmg edge 
being parallel to X T > 

Draw X Y, peipenlicu 
Urtova, Through u b o I e' 
and i, draw perpend culais to 
XiT and maik off on these 
from XjYj lengths eqnal to 

the distances of ahede and 

« from X T respectively. 

This determines the points 

ni&i(!|dieij)| ; joining these as 

shown we get the required 

pl.n. 

Example 2. To draw the plan of a cube wlien one of its 

diagonals is vertical. Udge of cube 1". 

Comtneuco by drawing a plan and elevation of the cnbe 

when one face is on the horizontal plane. As the diagonal of 

the square which is the p,B, 55, 

plan of the cnbe when 

in this position is the 

plan of the diagonal of 

the solid, the plan will 

have a diagonal parallel 




groi 







Make the new ground 
line perpendicular to the 
elevation of the diago- 
nal, and deduce the re- 
quired plan as in the preceding example. The outline of this 
plan ought to be a regular liesngon. 
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Note. The plan of a solid may be drawn when a given 
liae in it is inclined at. any given angle to the horizontal plane 
by proceeding in the manner just explained, but mating the 
new ground line inclined at the given angle to the elevation 
of the given line instead of perpendicular, But as the solid 
in this case can occupy any number of positions with reference 
to the horizontal plane and still fulfil the given condition, the 
problem is indefinite. In tlie case where the given line is 
vertical, however, the plan is always the same. Those remarks 
will be understood if the student imagines the solid to turn 
round the given line as an axis. 

PROBLEM 22. 

To draw the plan of a solid when one face is inclined at a giorni 

angle, the 6ase 0/ that face hemg horinontal. 

Commenoe by drawing a plan and elevation of the solid in 

such a position that the elevation of the given face is a straight 

^,^_,,_ line, and the plan of ite 

base is perpendicular to 

the ground line. Hext 

draw a new ground line 

inclined to the elevation 

of the given face at the 

-Y given angle, and deduce 

the required plan as in 

Problem 21. 

Example. To dram 
the plan of a hexagonal 
'pyramid, base IJ", alH- 
tmde 2J", wh^n one of its 
trimg'^dar fates is inclined at 60°, ths base of that face being 
korizontiil. 

First draw a plan and elevation of the pyramid when its 
base is on the horizontal plane, one side of the base being per- 
pendicular to the ground line. In this position one of the 
triangular faces will have for ita elevation a straight line. 
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Draw XiT| inclined at 60° to D'a', and find tie new plan 
aa in Problem 21. 

Note. The student etould remember the following lawa 
which are appHed in solving the problema of this chapter ; — 

(1) The plan and elevation of a point ave, in the same 
straight line, perpendicular to the ground line. 

(2) When a number of elevations are projected from the 
same plan, the diatanceB of all the elevations of any point from 
their corresponding ground linos are the same, 

(3) When a number of plana are projected from the aarae 
elevation, the distances of all the plans of any point from their 
corresponding ground lines are the same. 



EXERCISES. 

1. Draw an elevation of the points given in Exercise 3, 
Chapter 11., on a ground line passing throDgh a and e". 

N.B. In fig. 23 the perpendiculars from the projections on 

2. Determine the elevation of the line given in Exercise 8, 
Chapter II., on a ground line perpendicular to X T, and passing 
through h. 

3. Determine the distance from the ground line of each of 
the points given in Exercise 1, Chapter II. 

4. Determine the distance of each of the following points 
from the ground line :— 

A is 1^" behind the V.P., and 1^" below the H,P. 
B is 1" in front of the V.P., and 1" below the H.P. 
c is 2" above XT, and C is 2" above the H.P, 
d' is If below X Y, and D is If behind the T.P. 
E is in the H.P., and I" behind the V.P. 

5. Show the projections of the following points: — 

A 2" in front of the V.P., above the H.P,, and 3" from XT. 
B 1" abore the H.P., behind the V.P., and 2" from XT. 
C 1^" behind the V.P,, below the H.P,, and 2" from X T. 
D 2|" below the H.P., in front of the V.P., and 3" from XT. 
E in the V.P., above the H.P. -and U" from XT. 
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6. Show the elevation of tlie trriangle given in Exercise 33, 
Chapter II., wlieu the gronnd line coincides with c a. 

7. Draw the plan and elevation of the figure as given in 
Esercise 12, Chapter 11., and a new elevation on a V.P. per- 
pendicular to the first V.P. 

8. A right prism whose ends are hexagons of 1'25" side, 
and whose axis is 3"25" long, lies with one side on the hori- 
zontal plane. Draw its plan, and give an elevation on a ground 
line which mates an angle of 30° with the long side of the plan. 

9. A rectangle 2^" x 2", with a square of 1" side, whose 
centre coincides with the centre of the rectangle, and whose 
aidea aro parallel to those of the rectangle, is the front elevation 
of a right hollow prism |" thick, resting on the H.P. Draw 
an elevation of it on a V.P, inclined at 40° to the planea of the 
larger faces. 

10. A rectangle 3" X 2", with, the line pining the middle 
points of its short sides, is the plan of a right triangular prism 
resting on the ground. Draw an elevation on a granod line, 
making an angle of 60° with the short sides of the rectangle. 

H.B. The triangle is equilateral. 

11. The end elevation of three eqnal steps is given. The 
p,„, 5j, length of the plan is 2|". Draw an elevation 

I. V.P. inclined at 35° to the front of the 

12. The cross section of a hollow prism ie 
pentagon of 1^" side, with, a circle 1" diameter, 
having its centre at the centre of the pentagon. The solid, 
which is 2J" long, lies with its long edges horizontal, and one 
of its sides inclined at 25°. Draw an elevation of it on a V.P. 
which makes an angle of 65° with the planes of its ends. 

13. The cross section of a hollow prism is aregular hexagon 
of 1-^" side, with another concentric hexagon of 1" side, the 
sides of the latter being respectively parallel to those of the 
former. Draw an elevation of this solid when one of its 
rectangular faces is inclined at 15° to the H.P., and the axis 
horizontal but inclined at 60° to the V,P. Prism 3" long. 

14. Draw the plan oE a square prism, when a diagonal of 
the solid is vertical. Side of base 1^", asis 2". 
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15. A square o£ 1'6" eide, having one side a h inclined at 
30° to X Y, is the plan of a square prism resting on the H P. 
The height of the prism is '5", Suppose it to be tilted about 
the edge a h through an angle of 50°, a-nd draw the plan and 
an elevation on XY. 

16 Diaw the ellipse which is tlie plan of a circle 2^" 
diameter when inclined afc 40° to the H.P,, and an elevatiori 
on a groniid line inclined at 80° to the major axis of the 
ellipse 

17 Di'iw the plan of a cylinder (diam. 2", asia 3") when 
its axib IS inclined at -15° to the H.P., and an elevation on a 
ground line making an angle of 40° with, the plan of the 

18. Acjiincler 3" diameter acd 3" long has ita axis inclined 
at such an angle that the plans of the two ends touch each 
other ; represent it in this position. An elevation to be made 
on a ground line, making an angle of 60° with the plan of the 

19. Draw the plan of an octahedron of 2" edge resting 
with one face on the H.P,, and add an elevation on a ground 
line not parallel to any side of the plan. 

20. A pyramid 3" high has a pentagon ABCDE of 2" 
side for its base. V being the vertex, draw the plan of this 
solid— 

(a) When the two edges B V, V are horizontal. 

(i) When the edge B V ia vertical. 

Both plans to be projected from the same elevation. 

21. A hexagon of 1'5" side is the base of a right pyramid 
S" high. Show the plan of this solid— 

(a) When one triangular fece is tovizontal, 

(b) When that face is vertical. 

N.B. Both these plans must be deduced from the elevation 
first drawn. 

22. A cube of 3-5" edge has one diac;'onal vertical. The 
centre points of the adjacent sides of each face being joined, 

) obtained, one on each face ; these squares 
e the bases of right pyramids 1'5" in height. Draw 
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the plan of the solid and an elevation on any plane not 



parallel to 




of the cube. 

23. A solid is formed o£ two equal 

sqnare prisms — side of base 1^", height 

S5"— the axes of which bisect each other 

ot right angles. The elevation is shown, 

bnfe is not drawn to scale. Draw this 

the proper size, and deduce the 

I a second elevation on a new 

■Y ground line making 60° with XY, 



CHAPTER V. 

ADDITIONAL PROBLEMS OK LIKES. 

PROBLEM 23. 



Given the true length of a Hue, or its incUnation to one of the 
co-ordinate planes, cmd the ddstcmces of its extremities from 
the 00-ordxnate planet 



Determine the projections a a' of one end A by Problem 1. 
On a, a mark off a distance a., c eqnal to the distance of the 
P _ ^, end B of the line from the vertical 

■ and on a, i mark off Oi 
equal to the dittante of B from the 
houzontal plane Thiough t, ind <• 
di-iT Imeb parallel to the ground 
Ime These lines will contain the 
]lan and elevation leipectively of 
the othei extiemity B of the Ime 
lo fix thepiojcctiona ot B we must 
know tl e length of 6 or of o 6 
one of these can be founl by rank ng u e ff the (,iven true 
length 01 mcludtun tliu \ ith < as centie md the tiue 
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lengtli of the line as radius, describe an arc to cut fcLe parallel 
through, d at B^. Through B^ draw B^ 65 at right angles to 
X Y. a, 62 is the length of the plan of AB, therefore, with a 
as centre and a, &2 ^^ radius, describe an arc to cut the parallel 
through c at 6. a & is the required plan. A perpendicular 
from & to X T to meet the parallel through c' determines V . 
a' h' is the required elevation. 

If the inclination of A B to the horizontal plane is given 
instead of its true length, the only difference iu the construc- 
tioa will be that o! B^ must bo drawn so as to make the given 
angle with XY. 

If the inclination to the vertical plane is given, make the 
above construction oa the plau instead of on the elevatioo. 



PROBLEM 24. 

Qiveii the projeotkin of a Une (il B) on one of the co-ordinaie 
planes, its inclination to that plane amd the distamce of one 
end (A) from it ; to det&nnine its other projeotion. 

Let d 6 be the given projection. The distance of a' from 
XY is known, being equal to the distance of A from the 
horiaontal plane which is supposed to 
be given. At a make the angle 6 u B, 
equal to the given inclination and draw 
& Ej at right angles to a b. To the 
length hB-i add the length a' a, which 
will give the distance of B from the ■ 
horizontal plane, and therefore the dis- A~"~^--..^ i 
tanceft'e,. ^/ Ta"-^' 

If the elevation a' b' ia given instead 
of the plan, then make the above construction on the e 
tion instead of on the plan as shown in the figure. 



r^~ 



y Google 



DESCRIPTIVE GEOMETRY. 



PRUBLEM 25. 

A line is iticUned at m° to one of ilie txt-ordinate planes, and its 

projection on that plane tnaliea n" with the cfrownd Une, its 

true length heing also given; to d/eaw its projections. 

Conoeiye the line to lie on the surface of a cone whose 

base ia in the plane to which the inclination o£ the line is 

given, aad whose slant side is equal to the given line and is 

inclined to its base at m". Draw the projections of this cone. 

One projection of the cone will be a circle, and a radius of this 

circle inclined at n" to the ground Hne will be one projection 

of the line ; the other projection of the line will have one 

extremity at the vertex of the triangle, which is the other 

projection of the cone, and the other extremity on the base of 

that triangle. 

Example, A line 2" long is inclined at 45° to the horizontal 
fjg. 61. plane, and its plan makes 40° with the 

,y ground line; to draw tie plan and 

elevation. 

At a point in XT make the 
angle h' Ch equal to 45", and make 
C b' 2" long. Draw V h perpendi- 
cular to X T. h' Cb will be the 
semi- elevation of the cone previously 
mentioned. With 6 as centre and 
& C as radius, describe the arc a, 
which will be part of the plan of the cone. Make the angle 
Cb a equal to 40°. o & ia the plan of the line. Erom a draw 
a a' perpeadicnlar to X Y : a' b' is the eleva.tion of the line. 




PROBIiEM 26. 

Given tite mclinations of a line to the co-ordinate planes, to de- 
termine its projections. 
Let the line be inclined at 8 degrees to iho horizonta! 

plane, and ^ degrees to the vertical plane. 

Take any point B in X Y and make the angle v'Bv' equal 
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to 6, tbe inclination of the line to the horizontal plane. Make 
B v' eqnal to the length of the line. Draw 1/ v perpendicular 
to X Y. Make the angle B u' C equal to ^, the inclination of 
the line to the vertical plane. Front B draw B perpendicnlar 
to v' C. With centre v' and radius v' C describe the arc C a', 
cutting XT at a', i/a' is the elevation of the line. With v 
as centre and ti B as radius, describe the arc B a. Draw a' a 
at light angles to XT and meeting 
the arc B d at a. v a is the plan of ™' 

the line. 

The line is supposed to lie on the 
surface oi a cone whose hase is on 
the horizontal plane, and whose alaob 
side is equal to and inclined at the 
same angle as the line The phn of 
the line 1^ 1 radius of the circlo 
which is the plin of the cone uid 
the elevat on has one extiemity at 
the elevation of the vertex of the 
cone, and the othei m the elevation of its ba'je. Since 
B 1/ is the ttue length of the hne and the it gle B 11' C is 
equal to its inclination to tho vertical plane i the base of 
the right angled tnangle B i C i& the length of the elevation 
of the line, Thufe the elev<ition of the imo and then its plan 
can be determined. 

Note. The sum o£ tho angles and ^ may vary between 
0" and 90°. When 6 + ^ = 0° the projections of the line are 
parallel to the ground line, and when 9 + ^ = 90° the pro- 
of the line are perpendicular to the ground lino. 




PROBLEM 27. 

line pwrallel to a given line. 

through 



Through a givm point to 

The projections of the requirea ime muse pass tnrou 

the projections of the given point ; and since the projectit 

" parallel lines are parallel, the required plan and elevati 



Ctions 01 Ute given puinu , ftnu r^iiLutJ i*inj prujecutfus 

of parallel lines are parallel, the required plan and elevation 
11 be parallel to the given plan and elevation respectively. 
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PROBLEM 28. 
To determine the conJitwn that two straight Imes, whose pro- 
jeetions are gioen, way intersect. 

If the lines intersect, their point of intersection is a point 
in each of tho lines, theiefore tlie plan of that point must lie 
on the plan of each of the lines, and therefore the plana of the 
lines must intersect, and the point of intersection of tho plana 
will be the plan of the intersection of tho lines. 

By similar reasoning the elesationa will meet at a point 
which is the elevation of the point of intersecfcioii of the lines. 
Ent the plan and elevation of a point are in the same straight 
line perpendicular to the ground line. 

Hence the condition that two lines intersect Is that tlieir 
plans and elevations respectively intersect, and that the pointe 
of section are in the saoie straight line perpendicular to the 
ground line. 

There is one exception to this general rule. When the 
lines are perpend: citiar to the ground lino, as in fig. 18, they 
may or may not intersect. In this case an auxiliary plan or 
elevation mnst be drawn in order to determine whether they 
intersect or not. 

PROBLEM 29. 

Owen the projections of two intersecting straight lines, to deter' 
jjj, gg mine ike angle ietvieen ihem. 

Let A and B C be the lines whose 
projections are given. Take the pro- 
jections of any point, D, in A 0, and 
■Y of any point, E, in E 0. Determine 
by Problem 6 the true form of tho 
triangle DOE. The angle C of this 
triangle is the angle required. 

The conatruction ia simplified in 
many eases by taking for the points D 
and E the horizontal or vertical traces 
of the linos ; this is done in fig. 63, 
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PROBLEM 30. 
Gioen 010 projections of two straight lines wliiah do not mterseet, 

to deterwdne the angle hetween them. 

Tliroagh any point in one of the lines draw a line parallel 
to the other by PTOblem 27. Find the angle between these 
two intersecting lines by Pcoblem 29, which will be the angle 
required. 

PROBLEM 31. 
Gwmi the projections of two intersecting siraight lines, to draw 

the projections of the line hisecting the angle between them. 

Proceed as in Problem 29 to find the angle between the 
lines. Bisect the angle DCE (fig. 63) by the line C F, 
meeting D E at F. Find /, the elevation of P. / c' is the 
elevation, and P c is the plan of the line bisecting the angle 
between A C and E C. 

EXERCISES. 

1. A line 2^" long has one extremity 1" above the H.P., 
and 1" in front of the V.P. The other extremity is 2" above 
the H.P. and 1^" in fK)nt of the V.P. Draw plan and 
elevation. 

2. Two points, P and Q, are 2" apart. P is 1" above the 
H.P. and ^" in front of the V.P. Q ia 1|" above the H.P. and 
1|" in front of the V.P. Show the projections of the pointa. 

3. The plan of a line is 2" long and makes an angle of 
35= with X Y. The Hne itself is inoUned at 40° to the H.P., 
and its ends are in the planes of projection. Draw the pro- 
jections of the line. 

4. The elevation of a line, A B, is 3" long, and ia inclined at 
30° to X T ; one end of the elevation »' being "b" above X Y, 
The line iteelf is inclined to the V.P, at an angle of 30°, and 
has one end, A, '5" in front of it. Draw the plan and eleva- 
tion of the line. 

5. A line 2^" long, inclined at 40" to X Y, and having one 
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end in ST, is && elevation of a line which, is inclined at 45° 
to the V.P. Draw the projections of the lire. 

6. A point 2" above the H.P. and 1" in front of the V.P. 
is the higher extremity of a line inclined at 50°, and stopping 
at the ground. The direction of the plan makes an angle of 
45° with the ground line. Draw its plan and elevation. 

7. The elevation of a line makes an angle of 45° with 
X Y; the tme length o£ the line is 2'75", and it is inclined at 
S0° to the H.P. Draw its plan and elevation. 

8. The true length of a line is 3", and it is inclined at 48° 
to the H.P. Draw the plan and elevation of the line when 
ite ends are -b" and 1'5" in front of the V.P. 

9. Draw the plan and elevation of a line (length at 
pleasure) inclined at 35° to the H.P. and 25° to the V.P. 

10. An indefinite line is inclined at 40° to the H.P. and 
makes an angle of 30° with the V.P,, the distance between its 
traces being 3-5", Conatmct its plan and elevation. 

11. From a point in the V.P. 2" from X Y draw a line 
inclined at 40° and 35° to the horizontal and vertical planes 




12. Show by its traces a line inclined at 40° to the H.P. 
and 50° to the V.P. 

13. Draw the plan and elevation of a line 3" long when 
inclined at 43° to tko H.P. and 33° to the V.P., and show the 
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I it which is 1" above tbe 



ihe lines whose pro- 



plan and elevation of b 
H.P. 

14. Represent a line passing through the ground line and 
making 30° with both planes o£ projection. 

15. Through pp' (fig. 64) draw the projections of a line, 
P Q, parallel and equal to the given line. Join the estremi. 
ties of the lines and determine the real form of the fonr-sided 
figure, A P Q B, obtained. 

16. llti Yti (fig. 65) are the horizontal and vertical traces 
of a line ; IK^ Vf^ tho corresponding traces of & second line 
Do these two lines intersect V 

N.B. Eig. 66 is not drawn to scale. 

1?. Determine the angle between the diagonal of a cube 
and an adjacent edgo ; also the true length of the diagonal ; 
Edge of cube, 2^". 

IS. What is tbe real angle between 
jections are given in fig. 66 ? 

19. Coustrnct a triangle oah 
(Oft = 2i", o& = 3f", a & = 4^"). 
a and h are the horizontal traces 
of tbe lines A, OB, meeting at 
a point of which o is tbe plan. 
The height of above the H.P. 
13 1^". Obtain the real angle X— 
contained by the lines. 

20. A B is a line parallel to 
the H.P. A is a line parallel 
to tbe Y.P. The angle hac be- 
tween the plans and b' o! c' be- 
tween the elevations are each 
120°. What is tbe real angle 
between tbe lines ? 

21. Draw the projeetions of the straight line which bi- 
secta the angle between tbe two lines given in fig. 6Q. 
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CHAPTES. VI. 

E THiN THE CO-OBDINATii; PLANES. 



Planes other than the co-ordinate planes are reprosented by 
the lines in which they meet the latter. 

Th& traces of a plane. The lines in which a plane meets 
the co-ordiaate plauea are called the traces of that plane, the 
interseofcion with the vertical plane being' called the vertical 
trace, and that with the horizontal plane the horizontal trace. 

The method employed for representing planes is illustrated 
by fignrea 6? and 68. The perspective figure ahowa the 
planes in their true positions, while the other shows them when 
the co-ordinate planes are made to coincide, as explained in 
Chapter I. 

The traces of a plane either intersect on the growtid line or are 
parallel to it. For since the traces of a plane lie one in each 
of the co-ordinate planes, if they meet at all the point of 
intersection mast he in the intersection of the co-ordinate 
planes, i.e. on the gronnd line ; and if the traces are parallel to 
one another thoy must be parallel to the ground line, for if 
not they would cut the latter in two points, i.e. the plane 
would meet the ground line in two points, which is impoesible 
unless the plane pass throngh the ground line, in which case 
the tracM would coincide with that line. 

The inclination of one plane to a/nofher (called a dihedral 
angle) 19 the angle between two straight lines drawn from 
any point in their common section at right angles to ifc, one 
in each plane, 

PROBLEM 32. 
Given tree t/raees of a plane, to determine its inclination to each 

of the co-ordinate planes. 

Inflg. 67ABisa line in the plane LMK, and perpen- 
dicular to MS. a B is a line in the hocizontel plane, and 
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also perpendicular to M N". By definition, therefore, the angle 
A B a is the inclinatiou of the plane L M S" to the horizontal 
plane; bnt this angle is alao the inclination of the line A B 
to the horizontal piano. 

Hence, to find the inolinafion of a plane to the horizontal 
plane, we require to find the inclinatiou of a line in it which 
ia perpondicular to ita horizontal trace. The construction ia 
as follows : — Take any point, a, iu X Y (fig. 68), Draw a B 
at right angles to M H, and » A at right aneles to X T. The 
line a B, fig. 68, is the plan of the line AB, fig. 67, and a A 




ia the height of the end, A, above the horizontal plane, the 
other end, B, being in the horizontal plane. If, therefore, 
with centre a and radius a B, the arc' B Bg be described to cut 
XYat Ba, the angle A Baa wilt be the inclination of the line 
A B, and also of the plane L M S" to the horizontal plane. 

The inclination of the plane to the vertical plane is found 
by a similar construction, which is shown in fig. 68. 

The construction jnst given will apply whatever be the 
position of the traces. Bnt when the tracea are parallel, it is 
not necessary to make a construction for finding the inclina- 
tion to the vertical plane after the inclination to the hori- 
zontal plane has been found, aa the one angle is the com- 
f the other. 
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To draw the traces of a plane, having given its inclinations 
to the co-ordinate plamea. 

Let tbe plane he inclined at (t degrees to the horizontal 
plane and ^ degrees to the vertical plane. 

Note. The sum of the angles 6 and f must lie between 90° 
and 180°. 

Mrst method. At any point, A, in XX make the angle 
L' A O equal to 0, the inclination of the plane to the horizontal 
P,g gg_ plane. Draw h' H" perpen- 

dicnlar to X Y and B perpen- 
dicular to L'A. "With O a3 
centre and OB as radius, de- 
scribe an arc, and draw N C to 
touch this arc and meetXY at 
an angle equal to <p, the inclina- 
tion ot the plane to tho vertical 
plane. With O as centre and 
C as radius, describe another 
arc ; the line L' M drawn through L' to touch this second arc 
will be the requii-ed vertical trace, and MN the horizontal 
trace. 

The theory of this construction is that if two cones be 
drawn enveloping the same sphere, having their bases in the 
planes of projection, and their slant sides inclined, at the 
given angles, the plane which touches these two cones will 
be inclined to the co-ordinate planes at the same angles as 
tLe slant sides of the cones, and therefore at the given angles. 
In fig. 69, is the centre of the sphere, and B its 
radius. One cone has its asis in the vertical plane, and the 
other has its axis in the horizontal plane, 

Second method. By Problem 26 dram the projections of a 
line inclined at (90 — 6) degrees to the horizontal plane, and 
(90 — ^) degrees to the vertical plane. Tho horizontal and 
vertical traces of the required plane will be perpendicular to 
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the plsin and elevation of this line respectively, and will oE 
coarae meet on the ground line or be parallel to it. 



PROBI-EM 34. 
Given one (ro«e of a plane cmd the incUnaUmi of the plane to 

Oite ofihe eo-ordmate pltmes, to determine the other trace. 

Gaee I. When the inclination of the plane is given to the 
co-ordinate plane containing the given trace L M. 

From any point, 0, in XT draw P at right angles to 
L M. With O lis centre and P as I'adina, describe the arc 





P Q, meeting X Y at Q. At Q make the angle Q N equal 
to the given inclination of the plane. Draw O N at right 
angles to XT, meeting QNat N, MN is the trace required, 

Case 11. When the inclination of the plane is given to the 
co-ordinate plane which doea not contain the givea trace. 

Let MN be the given trace (same figcipes). At any point, 
Q, in X T make the angle Q N equal to the given inclination 
of the plane. Draw H O at right angles to X Y. With as 
centre and Q as radius, describe the arc Q P. Through M 
draw M L to touch this arc. M L is the required trace. 

The correctness of the above constructions will become 
R.pparent, if after they are finished we proceed in each case as 
if to find that inclination of the plane which is given in the 
statement of the problem. 

Note. In one figure LM ia eupposed to he a horizontal 
trace, and in the other a vertical trace. 



y Google 



DESCEIPTIYE GEOMETIiY. 




i meant 



referring 
tIB. To 



PROBLEM 35. 
To find the true angle helween ike traaes of a plane. 

By tlie true angle between tiie traces of a plar 
the angle between fcbem when the co-ordinate planes 
j.jy j3 their natural positions ; 

to fig. 67, it ia the augle t. 
find thia angle we require the trno 
form of the triangle A M B, which ia 
fonnd thus — From any point, o, ia 
XY (fig 72j dmw reB perpen. 
dicular to the honaontal trace, and 
a A' peipendicular to XT. With 
M as ceiitie and MA' as radius, 
describe an aio cutting ttB pro- 
duced .t A, The angle A, M B 
tgle between the traces of the given plane. 



s the true a 



PROBLEM 36. 



Qw6n mie trace of a -plane and t'l 
to draw the other (race. 



.6 angle between the traaes. 



Let L M be the given trace. Make the angle L M P equal 
to the given angle between ttie traces. Draw P Q perpen- 





dicular to L M, meeting X Y at Q. Draw Q N perpendicular 
to XT. With centre M and raJins MP describe an arc 
to cut Q N at N, M H" ia the trace required. 
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Note. In one figure LM is supposed to be a horizontal 
trace, and in the otlier a vertical trace. 

The correctness of the above co ustruction beeoraee apparent 
if, after the required trace is found, we proceed as if to find 
the tree angle between the traces which is given in the state- 
ment of tie problem. 



PROBLEM 37. 
To show the ■interseation of two gwe/n 'planes. 

The intersection of two planes is a strs-ight line. 

Case I. When the vertical and horizontal traces meet one 
another respectively. 

Let the vertical traces meet at L' and the horizontal 
traces at N. It is clear that L' is a point in the intersection 




of the planes, and being also in the vertical plane its plan, I, 
will be in X Y. It is also evident that N is a point in tho 
intersection of the planes and n' its elevation ; therefore the 
line M lis the plan and n' U the elevation of the interBectiou 
rec[uired. 

Qase II. When only one pair of traces intersect. 
It has been seen that io Case I. one projection of the 
intersection is got by drawing a perpendicular from tho inter- 
aeotion of one pair of traces to X Y, and joining the foot of 
this perpendicular with the intersection of the other pair of 
traces. It is clear that in Case II, the first part of this con~ 
stnjction can be made as in Case I. ; but, as the other pair of 
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traces are parallel, tLeir point of intersectiou ia at an infinite 
distance ; therefore tie line from the foot of tlie perpendicnlar 
on X y will be parallel to the other traces, i.e. one projection 





of the intersection of the planes is parallel to the parallel 
traces. 

The other projection of the intersection is either a poiot or 
a straight line parallel to the f^rounii lino. 

Gase III, When all tho traces mtet at a point on the 
ground !ine or are parallel to it. 









\y ",. 







Let H;, V(i be the traces of one plane, and Hi^ Yt^ the 
traces of another — figs. 79 and 80. 

Draw the traces L'M, MH" of a third plane (preferably 
perpendicular to one of the co-ordinn.to planes) to cnt each of 
the given planes. Find the lines of intersection of the third 
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plane with the given planes as in Case I. The point in which 
tbese lines meet must be a point in all tliree planes, and there- 
fore a point in the intersection of the given planes. Lines 
through the projections of this point, and the intersection of 
the given traces in the one case (fig. 79), and lines throngh 
the projections of this point parallel to the ground line in the 
other case (fig. 80), will be the projections required. 



PROBLEM 38. 
To defemiine the disio/noe hetwuen two parallel plwues. 

Note. Parallel planes have parallel traces. 

Cut the given planes L'MN, P'QR by a vertical plane 
whose horizontal traee, N, is perpendicular to their horizontal 
traces. This plane will cut the jm. 81. 

given planes in two parallel lines, 
the distance between which will 
be the distance between the planes. 

With centre 0, and radii R 
and N, describe arcs to cut X Y" 
atSandT. The distance between 
P'S and L'T is the distance re- 
quired. 

We have here conceived the 
vertical plane L'O N to rotate 
abont its vertical trace (which is 
perpendicular to X T) until it co. 
inoides with the vertical plane of 

projection, carrying with it the lines of its intersection with 
the given planes. 




PROBLEM 39. 

e the traaes of a plane ^a/rallel to a given plaaie, and 
at a given dlstmtce Jrom it. 

This problem is the converse of the preceding problem, and 
ill be easily understood. 
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LetL'MN (Sg. 81) be the given pHue C t this plane 
by a vertical plane, L'O N, wboae lionzontal hac O N i& at 
rigbt angles to M N". With O as centre and In ai radiu 
describe an arc to cut X Y at T, Jo n L T Br 1 d aw P S 
parallel to L'T, and at tte given diatance from it P Q 
parallel to L' M will he the vert cal t ■ice o± tl e plane r 
quired, and Q E parallel to M If will be tlic Loiizontil tiace 



If the tracM of the given plane aie paiallel to \ 1 the 
horizontal trace, Q R, will be foui d 1 j diawmg tl e arc ^ E 
with centre 0, aad then a tangent tu it paiallel to MN 

As two lines can be drawn parallel to the line L'T, and at 
a given distance from it, there will be two planes which will 
fulfil the conditions of the problem. 



EXEECrSES. 

1, The vertical trace of a plane makes an angle of 45° 
with X T, and the horizontal trace one of 35°. Dotcrniine the 
inclination of the plane to both co-ordinate planes. 

2. The traces of three planes are situated as follows :— 
(a) Both traces are perpendicular to XY. 

(h) The horizontal trace makes 48° with XY, and the 
vertical trace is at right angles to X Y, 

(c) The vertical trace is inclined at 20° to X Y, while the 
horizontal trace is perpendicular to X Y. 

Wh t th in 1 t f h E these planes to the 

planes of p j t n 

8. Th h ( 1 t -ac f a pi parallel to X Y, and 

l-5"be)wt Tl t It 2 boveXY. Knd the 

Inclinat f 1 j 1 t ixjtl din te planes. 

4. Sh w th t i pi which is perpendicular 
to the t 1 pla 1 1 d t 0° to the horizontal 
plme. 

5. An indefinite plane is to be shown by its traces when it 
is inclined at 50° and makes an angle of 60° with the vertical 
plane of projection. 



y Google 



PLASE9 OTHER THAN THE CO-ORDINATE PLAKES. 65 

6. A straight line crossing the gronnd line at an angle of 
87° is both horizontal and vertical trace of a plane. Determine 
its inchnatioa to both planes of projection and the i-eal angle 
between the traces. 

7. Determine the real angle hetween the tnicea of the plane 
ia Exercise 1. 

8. What is the real angle between the traces of the planes 
(a), (6), (c) in Exercise 2 ? 

9. Vmd the inclination of the given plane to both co- 
ordinate planes, and the real angle be- 
tween its traces. ^ 

10. The vertical trace of a plane makes ^-^ 

an angle of 40° with X T, and the plane is 5^\Xm 

inclined at 45° to the horizontal plane. f nn 

Draw both traces. ^j, \ 

11. The horizontal trace of a plane is A. 

parallel to the ground line and 2" Ijelow 

it, and the plane is inclined at 50° to the Terticai plane. 
Find by construction the vertical trace of the plane. 

12. Aline inclined at 40" to XT is the horizontal trace 
of a plane. The real angle Iwtween the traces of the plane 
being 60°, find the vertical trace. 

13. Tte real angle between the traces of a plane is 45°, 
and the vertical trace mates an angle of 30° with XY. 
Represent the plane by its traces. 

14. The two traces of a plane form with each other an 
angle of 50° ; on paper they form equal angles with the 
ground line. At what angle ia the plane inclined to each 
plane of projection ? 

15. The traces of two planes are as follows : — - 

H.T. of No. 1 makes 35°, Y.T. 70° with the ground lino. 

H.T. „ 2 „ 50°, V.T. 42" 
The planes are inclined in opposite directions. Deter- 
mine the true inclination of their line of intersection. 

16. TheH.T. of a plane makes 25° with XT; the V.T. 
50°. The horizontal and vertical traces of another plane are 
eaob perpendicular to X T. Find the inclination of their line 
of intersection. 
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17. The vertiea] trace of a p]ane makes an angle of 50° 
witbXY, and tte horizontal trace one of 40°. The hoi-i- 
zontal trace of another plane is parallel to XY, and 1'5" 
below it, the vertical trace being 1-25" above XY. Show 
the line of interBection. of the two planes, and find its inclina- 
tion to both co-ordinate pianos. 

18. Determine the intersection of the pianos A'O B, COD 
andofA'OD, COB. 

Pi^ gg 19. Draw a straight line making an 

angle of -50° with XT, and another 
bisecting this angle. The former line 
is both horizontal and vertical trace of 
a plane, and the latter is both horizontal 
and vertical trace of another plane. 
Determine the intersection of the two 
ptaes. 

20. The vertical trace of a plane is 

parallel to XY, and 2" above it, and 

the plane is inclined at 60° to the 

vertical plane ; find the point of intersection of this plane 

with the planes A'O B, CO D given in Exercise 18. 

21. The vertical traces of two planes are each inclined at 
45° to XT and are 1" apart. The horizontal traces are each 
inclined at 30° to XT. What is the distance between the 
planes? 

22. Two parallel planes are parallel to ST. The H.T. 
of the first is 1" and that of the second 1|" below XY. 
TheV.T. of the first ia 1^" above XT. Find the distance 
between the planes. 

23. Draw a lino parallel to the H.T. of the plane given in 
Exercise 9, and 1" from it; this is the H.T. of a plane 
parallel to the first. Find the distance between the two 
planes. 

24 The H.T. of a plane makes 45° with X Y, and the 
plane ia inclined at 60°. Draw the traces of a plane 
parallel to this one and ^" distant from it. 

25. The vertical and horizontal traces of a plane make 
angles of 48° and 28° respectively with XY. Show the 
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traces of two planes parallel to this one and each ^" distant 
from it. 

26. A lino makiug an angle of 40° with, tlie ground line 
is hoth horizontal and vertical trace of a plane. Show the 
parallel to this one and ^" distant 



CHAPTEB VII. 

OH THE EIEilCET LIHE AKD PLANE. 



PfiOBLEM 40. 

Gwen one projection of a pomt lying on a given plane, to deter- 
mine the other projection. 
Let the plan, a, of a point A he given (fig. 84). Through 

a draw a h parallel to the horizontttl trace of the given p 





meeting X T at &. Draw 6 b' perpendicular to 2 T, meeting 
the vertical trace of the plane at 6'. Through b' draw b' a' 
parallel to X Y, meeting a perpendicular from a to XT at a'. 
The latter point is the other projection required. 

If the elevation of the point is given its plan may be 
fo'Hnd by working the above construction backwards. 

We have here conceived a horizontal line to pass through 
the point A and lie in the given plane. The projections of 
tbis line must of course pass through the projections of the 
point A. Also the vertical trace of tlie line will lie in the 
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vertical trace of the plane, and the distance of the former 
from X T determines tbe distance of the line, and taevefoi'e 
of the point, from the horizontal plane. 

The construction juat explained will apply in all cases 
except the one in which the traces are parallel to the ground 
line. In thia case (fig. 85) through a draw a line, not per. 
pendicnlar to the ground line, to meet the latter at 6 and the 
horizontal trace of the plane at c. Draw c o' and h b' perpen- 
dicular to XT. Join &' c' and draw a a' perpendicular to XT, 
meeting V a' at a', a' is the elevation of A. 

The theory of the conetractioQ in this case is that an 
inclined lino is conceived to pass through the given point and 
lie in tlie given plane, instead of a horiaontal lino as in the 
other cases. 

PHOBLEM 41. 
To draw the projections of a line which is parallel to and at a 
given distance from one of the co-ordinate plajies, and con- 
tamed by a given plane. 

Let the line be parallel to the vertical plane. Its p'an 
will be parallel to the ground line and at a disfance from 
j.^^ j^ it equal to the distance of the line from the 

vertical plane. 

Take a point, a, in tbe plan of the line 
(preferably the point where the plan meets 
^ the horizontal trace of the plane if it doea 
so within a convenient distance), and find 
a' by Problem 40, A. line through a' 
parallel to the vertical trace of the plane 
wUl be the elevation of the line. 
That the eleyation of the line is parallel to the vertical 
trace of the plane is evident, for if the elevation did meet the 
vertical trace the point of intersection would be a point in the 
line and a point in the vertical plane ; but the line does not 
meet the vertical plane, being parallel to it, therefore its 
elevation cannot meet the vertical trace of the planp, i.e. it is 
parallel to it. 
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If the line is horiEontal instead of parallel to the vertical 
plane the constmction will be the same as that just explained, 
if the words vertical and horizontal, aud plan and elevation. 



PROBLEM 42. 

To show the projeeiitms of a point which is at given distcmccs 
from the co-ordinate planes and contained by a given plane. 
By the preceding problem draw the projections of a line 
■which shall be contained by the given plane, be parallel to 
the vertical plane, and at a distance from it equal to the given 
distance of the point from that plane. 

By the same problem draw the projections of a horizontal 
line contained by the given plane, and at a distance from the 
horizontal plane equal to the given distance of the point irom 
that plane. The intersection of the plans of these lines will 
be the plan and the intersection of the elevations wil) be the 
elevation of the point required, 



PROBLEM 43. 

To draw the traces of a <planp which shall contum tii,o tjiteu 

intersecting lines or two pmaUel hues 

If a line be contained by a phne, zts traces mu'.fc he on the 
traces of that plane. For the tiaces of the hue are points in 
the pisaies of projection, bat they are also points in the plane 
containing the line, therefore the traces of the line mnst lie 
on the intersection of the plane with the planes of projection, 
i.e. on the traces o£ the plane. 

Hence the conatraction is- — find the horizontal and vertical 
traces of the given lines by Problem 5, Join the horizontal 
traces of the lines to get the horizontal trace, and the vertical 
traces to get the vertical trace of the plane required. 

The traces will either meet at a point on the ground line, 
or be parallel to it. If the traces of the plane meet, the 
student will see that after finding one of the traces of the 
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plane it will only be necessary to find, the otlier trace of one 
of tke lines. 

If either of the traces should fall withont the paper, draw 
the projections of a line to meet each of the given lines, but 
not at their point of intersection. The traces of tliia new line 
will also lie on the traces of the plane required. 



PEOBLEM 44. 

To draw the traees of a jilane wldch shall contain a ^iven point 
and a given line. 

Let a a' be the given point, and 5 c, h' c' the given line. 

Take any point, d d', in the given line, and find the traces of 

Tiu 87 ^^^ plane containing the lines AD and 

B C by tlie preceding problem. These 

will be the traces of tiie plane required. 

PROBLEM 45. 
| ... A/ -Y To dram the traces of a plane viMoh shall 
i/'^\ . contain three given points. 

Let a ft', hh', and ec' be the given 
points. Join h e and 6' c'. Determine 
by Problem 44 the traces of the plane con- 
taining the point a a' and the line b c, h' d. These will be 
the traces required. 



To draw the traces of a plane which shall contain a given line 

and have a given inclination to one of the co-ordinate planes. 

Let ah, a' V (fig. 88) be the given line, and let the given 
inclination of the plane be to the horizontal plane. 

Draw the projections of a cone having its vertex at the 
Tertical trace of the given line, its base in the horizontal 
plane, and its slant side inclined a the given inclination (6). 

A line through the horizontal trace of the given line, to 
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touch the base of the cone, will be the borizonial trace of the 
plane, and a line through the point where this horizontal trace 
meets the ground line, and through the vertical trace of the 
given line, -will be the vertical trace of the plane required. 

If the horizontal trace of the line fall without the base of 
the cone, two tangents can be drawn, and there will therefore 




be in this case two planes which will fulfil the given condi- 
tions. If the horizontal trace of the line fall on the circum- 
ference of the base of the cone only one tangent can be 
drawn, and there will therefore be in this case only one plane 
which wU! fulfil the given conditions. If the horizontal trace 
of the line fall within the base of the cone no tangent can be 
drawn, which shows that the fruhlew, is wmpos&ihle when the 
inclination of the plane is less them the inel'mition of the line. 

In the construction just explained, we have assumed that 
the traces of the given line came within the paper ; but, as 
one or both of these traces may fall without the paper, we 
must show how the construction is modified to meet any case 
which can occur. 

In fig. 89 is shown the solution of the problem when 
neither of tlie traces of the given line fall within a convenient 
distance. In this case the projections of two cones have 
been drawn, having their vertices in the given line, their 
bases in the horizontal plane, and their slant sides inclined at 
the given inclination (d). The horizontal trace of the plane 
is a common iangent to the two bases. The vertical trace of 
the plane is got by taking a point c c' in the horizontal trace 
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jnst fonnd, and joining this point with two points in the gireu 
line. The Hue joining the vertical traces of tliese Knee is the 
vertical trace of the plane required. 

I£ the inclination of the plane be given to the vertical 
ivtstead of to the horizontal plane, the Ijaaes of the cones must 
he placed in the former plane instead of in the latter. 



PEOBLEM 47. 

In a given plane to plaee a line having a given inclination to 
one of the co-ordinate planes. 

The inclination of the line must not exceed the inclination 
of the plane. 

Let the given inclination be to the borizontal plane. 
Take a point, Bj, in the ground line and draw Bj a', 
e given angle with XT, and meeting the vertical 
trfioe of the given plane at a'. Draw 
' j' a,' a perpendicular to X Y, meeting the 

;*S^_^ latter at a. With a as centre aod a B^ 

i radins, describe an arc to cut the 
horizontal trace of the plane at b. 
\l y' Draw & V perpendicular to X f, meet- 

'•J^ iig it at 6'. ft 6 is the plan and a' &' 

the elevation of the line required. 
The correctness of the construction is apparent if we work 
the problem backwards in order to find the inclination of the 
line AB after its projections have been found. 

The construction applies whatever be the position of the 
traces of the given plane. 

If the given inclination of the line be to the vertical plane, 
the constmction will be similar to that just explained, and 
■will be easily found out by the student. 



^^\ 
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PROBLEM 48. 
To draw the projeetions of a Ime vihich sliall pass through a 

given point, home a gwen inelination, <md he parallel to a 

gwenploMO. 

In the given plane place a line inclined at the given angle 
by Problem 47, Through the plan and elevation of the given 
point diaw lines parallel to the plan and elevation respectively 
of this hne These wiU be the projections required. 

That the line whose piojections have thus been fonnd 
fnlfilg the given conditions is not difficult to seo ; for it is 
parallel to a line which has the given inclination, and mast 
therefore have itself the given inclination. Also it can never 
meet the ^ven plane, for if it did so it could not be parallel to 
any line iu that plane, therefore it is parallel to the piano. 



PEOBLEM 49. 
To draw the traces of a plane which shall contain a given point, 
and ie parallel to a given, plane. 

Let HtVt be the given plane andpp' the given point. 
Case I. When the traces of the given plane meet within 
e (fig. 91). 





Draw p q parallel to H t and p' q' parallel to X T, also q q' 
. right angles to X Y. A Hne through q' parallel to V ( is 
le required vertical trace; and a line through the point 
here this Hue meets XT parallel to H i is the required 
arizontal trace. 
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Case 7.1. When the traces of the given plane do not meet 
within a convenient distance (fig. 92). 

In the given plane place a line a h, a' h', inclined at any 
angle. Draw tlie projections of a line to pass through P and 
he parallel to A B. Find the vertical and horizontal traces of 
the line through P ; lines through these parallel to the vertical 
and horizontal traces respectively of the given plane will be 
the traces of the req^uired plane. 

The conatruction in each case is evidently correct, for if 
we examine the figures we see that the plane whose traces 
have beeii found contain the given point since it contains a 
line which passea through, tliat point. Also the planes are 
parallel because their traces are parallel 

PROBLEM 50. 
In a given plame to 'place a line whiek shall bepa/rallel to and at 
a ffiven distance from another given plane not parallel to the 

Draw the traces of a plane which shall he parallel to the 
second given plane, and at the given distance from it ("Pro- 
blem 39}. The line of intersection of this third plane with 
the first given plane is the line required. 

PEOBLEM 51. 
To d/raw ike projections of a Ime whteh shall pass through a 

given point and be parallel to two given planes. 

The required projections will pass through the projections 
of the given point, and be parallel to the projections of the 
line of intersection of the two given planes. 

PROBLEM 52. 
To draw the iiraaes of a plane which shall contain a given line 

and he parallel to oMoth&r given line. 

Draw the projections of a line to intersect the first given 
line and be parallel to the second (Problems 27 and 28) . The 
plane containing these intersecting lines is the plane req^uired. 
Its traces are foand by Problem 4S. 



y Google 



PROBLEMS ON THE STKAIGHT LINE AND PLANE. lb 

PROBLEM 53. 
To d/fo/w the traces of a plane which shall contain a gvoen ^omi 

and be parallel to ivio given lines. 

Draw the projections of two lines to pass ttrough the 
given point and be parallel reHpeotively to the two gipen lines 
(Problem 27). The plane containing tte liaes passing through 
the given point is the plane required. Its traces are de- 
termined by Problem 43. 

PROBLEM 54. 
yo show the projecUona of the intersection of a line and a plane. 

Let L'M M' be the given plane and a h, a' 6' the given line. 

Draw the traces, L'S, K S, of a plane p,^ f,^_ 

(generally perpendicular to one of the 
planes of projection) to contain the line 
AB. Find the intersection of this plane 
with the given plane (Problem 87). The 
points o o' where a b, a' b' meet the projec- 
tions of the intersection of the planes are . 
the projections required. 

For the point is in the line AB, and 
also in the plane X'MN, since it lies on the 
intersection of this plane with the plane L'RN, therefore it 
is the point of intersection of the line and the plane. 

PROBLEM 55. 
To d/raw the projections of a line which shall pass through a 

given poimt and he perpendieula/r to a given plane. 

If a line is perpendicnlaj^ to a plane the projections of the 
line are perpendicular to the traces of the plane, the plan to 
the horizontal trace and the elevation to the vertical trace. 

The constrnction is therefore — through the plan of the 
point draw a line at right angles to the horizontal trace of 
the plane, and through the elevation of the point draw a line 
at right angles to the vertical trace of the plane; these will 
be the projections required. 
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PROBLEM S6. 

To draw the traees of a plane which shall contain a gwen point 

mid be perpendietdar to a given line. 

Let p f' be the given point and a 'h, a' V tlie given line (2g. 
94,). 

Through p draw f g perpondicnlar to a h, meeting X T at 
q. Draw jj' perpendicular to XT, meeting a parallel 
through p' to X T at 2'. Through 5' draw L'M perpendicular 
to olh' and meeting XT at M. Through M draw M N 
perpendicular to ah. L'M and MN are the vertical and 
horizontal traces respectively of the plane required. 






Fig. s6. 
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In the above construction it is assumed that the line 
through f perpendicular to a 6 meets XT within the paper, 
but as this is not always the case we will give another con- 
strnction which will apply in any case. 

Let pp' (fig. 9o) be the given point and a h, a' h' the given 

On (J 6 as a ground lino make another elevation, p/, of the 
point P, and a,' &,' oi the line A B (Problems 15 and 16). 
Through ji/ drawc/ A perpendicnlar to ra,' 6/, meeting a & at 
d. C[' d ia the trace on the vertical plane of which a 6 is the 
ground line of the plaae, perpendicular to the line A B and 
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containing the point P. It is clear that the point d will be a 
point in the horizontal trace, and that the latter will be 
determined by drawing; through d aline perpendicular to a h. 

Produce a 6 to meet X T at c, and draw c o/ perpendicular 
to a 6, meeting c,' d at c/. The point c/ is an auxiliary 
elevation of a point which is in the reqnired plane, and 
also in the vertical plane of which X T ia the ground liiw;. 
If therefore cc' be drawn perpendicular to XT and made 
equal to o c,', e' will be a point in the vertical trace required 
which will be perpendicular to a' b'. 

These constructions are easily verified by showing from 
an examination of the figures that the plane determined 
fulfils the conditions of the problem. 

PEOBLEM 5?. 
To dram the traces of a plane whieh shaU contain a given poird 

and he perpendicula/r to two given plcmes. 

The plane whose traces are required mill be perpendicnlar 
to the line of intersecfion of the two given planes. Hence 
one construction is— find the intersection of the giv-en planes 
(Problem 37), and determine the traces of the plane to contain 
the given point and be perpendicular to this line of intersec- 
tion (Prohlem 56). 

Another construction is — determine (Problem 65) the pro- 
jections of two lines which sbal! pass through the given point, 
and be perpendicular one to each of the given planes. The 
plane containing these two intersecting lines is the plane 
whose traces are required. 

PROBLEM 58. 
To dram the jsrnjeeUona of a line which shall pass through a 

^ven point, <md meet a given Ime at right angles. 

Determine (Problem S6) the traces of the plane which shal! 
contain the given point and be perpendicular to the given line. 
Find (Problem 54) the projections of the intersection of this 
line and plane. The line joining the plan of the given point 
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with tte plan of the iatersecfcioa of the line and plane wili 
he the plan, and the line joining the elevations of the same 
points will be the elevation reijulred. 

PROBLEM 59, 

To draw the iraees of a plume which shall contain a given line 

and he 'perpendianlar to a given 'plane. 

Determine the projections of a line to intersect the given 
line (Problem 28) and be perpendicular to the given plawe 
(Problem 55). Find (Problem 43) the traces of the plane 
containing these two intersecting lioea. These mill be the 
traces required. 

FROBLBM 60. 

Qiven ike melmations of two lines and the angle between them, 
to drcm their 'pn^eotions and the traces of the plane con- 
taining them. 

Let the angle A B C be the angle between the lines. At 
any point, A, in A B make the angle BAD equal to the given 
Fib. 96. inclination of AB. Draw B D perpen- 

dicular to A D. With centre B and 
radius B D describe the arc D E, and 
draw E to touch this arc, and make an 
_Y angle with E C equal to the given in- 
clination of B C. Imagine the triangie 
A B C to rotate about the side A C until 
1 the point B is at a distance equal to 
/ B D or B E from the horizontal plane, 
the points A and C being assumed on 
that plane. In this position the lines 
AB and B C would be inclined to the 
horizontal piano at angles equal to BAD and B C E re- 
spectively ; and their plans would be equal in length to A D 
and E respectively. Hence, if with centre A and radius 
A D the arc D & be described, and with centre C and radius 
C E the arc E B be described, meeting the former arc at b, 
A& and 6 C will be the plans of the lines required. 
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A C will be the horizontal trace of the plane containing 
the Hues. 

An elevation of the lines on any vertical plane can easily 
be obtained since the distances of the points A, B, and C 
from the horizontal plane are known. In the figure an 
elevation of the lines is shown on a ground Line perpendicular 
to A C. The distance of b' from X Y is eqnal f« B D or B E. 
b' will be the vertical trace of the plane containing the 

That part of the constmction whicL n 
of the plan of the given lines is called ' 
the horizon.' 



'sto tie drawing 
icing an angle to 



fwhichSjYi 



PROBLEM 61. 

Oiveti. the traces of a plane, to determine the trace of this plane 
on, a new vertical plane. 

Let L'M, MN be the traces of a plane; it is reqnired to 
find the trace of this plane on a vertical plai 
is the ground line. Lot Xi T| 
meet M N at B. 

Take a point, p, in the new 
ground line and consider this as 
the plan of a point lying in the 
given plane I/M S". Find the 
elevation p' (Problem 40) of this 
point on the ground line XY, 
Draw ppi perpendicular tp 
X| Y], aiid Ta&keppj' equal to 
the distance of p' from XY. S J*/ Is the vertical trace 
required. For P is a point in the given plane and also a 
point in the new vertical plane, tlierefore p,' must be a 
point in the new vertical trace. Also the point S, where 
the horizontal trace Tneete X, Y,, is evidently another point in 
the new vertical trace, therefore the line Spi is the trace 
required. 

If the new ground line did not meet the horizontal trace 
of the plane within a convenient disl'ance, a second point in 
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tho required vertical trace could be found ia the same way as 
tlie first point pi' 

EXERCISES. 

1. Draw a triangle a 6 M (angle u M S = 30°, angle a 6 M 
= SS", 6 M = 2|") ; ft M ia the horizontal trace of a piano whose 
vertical trace L'M is parallel to a 6, 6 M being on the ground 
line, a point, c, within the triangle a fc M is in a line through a 
perpendicular to the ground line and |" from it. a 6 ia the 
plan of a litie and c is the plan of a point both lying on the 
plane L'M a. Find their elevotiohs. 

2. Three points, AB C, lie on a plane whose vertical and 
horizontal traces make angles of 35° and 43° respectively 
with X Y. a' and b' are each 1-25" above XT ; a' is on the 
vertical trace of the plane, and h' is 1" from a', o' is 2" above 
X T, and at a horizontal distance of 1" from h'. Show the 
plans of the points, and determine the trne form of the 
tiiangle ABC. 

3. A triangle ABC lies in a plane L'MN, The vertical 
trace I/M of the plane makes 39° with XT, and the hori- 
zontal trace M N makes 37° with X T. » is -8" below X T, 
and at a horizontal distance of 15" from M. b is '4/' below 
X T, and at a horizontal distance of 3" from M. c is 1-5" 
bolow XT and 2-5" from a. Draw the elevation of the 
triangle and determine its true form. 

4. In the piano given in Exercise 2 place (*) a line 
parallel to the vertical plane, and 1" in front of it ; (6) a 
horizontal hne 1^" above the borizontal plane, 

5. The vertical and horizontal traces of a plane make 
angles of 47° and 38° respectively with X T. Four pointa, 
AE CD, lie in this plane. The points are |", i", I^", and 1^ ' 
respectively above the horizontal plane, and ^", 1^", 1", and 
^" respectively in front of the vertical plane. Draw the 
projections of the figure A B C D, and show its trne form. 

6. The horizontal traces of two parallel planes make angles 
of 30° with XT. The planes are inclined at 45° to the 
horizontal plane and are ^" apart. Draw their traces and 
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filiow the projections of a line 2" long, liaring ita extremities 
one on eacli plane and 1" above tte horizontal plane, 

7. ao c, h'o'd' (fig. 98) are equilateral triangles of 1^" side. 
Draw the traces of the plane containing tlie lines A B, CD. 

8. A horizontal line lying in a plane 

whose traces both make 60° with X Y is , ' 

75" above the borizontal plane. Draw 
plan and elevation. 

9. The elevation a' V of a line i 
45'withXT. aMsin X Y and 6' is 1'5" d/ \' 
above it. The plan a b makes 30° with \ Z ^ 
XY,and & is in XY. The elevation o£ 
a point P is at V and its plan is 1-5" 
below X T. Draw the traces of the plane i^\6 
containing the point P and the line A B. 

10. Determine the traces of tho plane containing the line 
A B of the pveceding exercise and a point Q, whose plan is 
the same as that of P, but whose elevation is |" above X Y. 

11. Draw the traces of the plane wbiob shall contain the 
following three points : A, ^" above the H,P. and j" in front 
of the V.P. ; B, 1^" above the H.P. and 1" in front of the 
V.P. ; C, I" above the H.P. and \\" in front of the V.P. 
ah = 16= \\". 

12. The plan a of one extremity of a line is 1" below 
X Y, and the elevation o.' is -5" above X Y. The plan h of the 
other extremity is '5" below X Y, and ita elevation V is Vh" 
above XY, The lines a a' and tfc'are 2-5" apart. Deter- 
mine the traces of the plane containing the line AE and 
inclined at 60". 

13. In a plane whose horizontal and vortical traces make 
55° and 32° with the ground line respectively, place a line 
having the same inclination as the plane, and find the angle 
between this line and the vertical plane. 

14. In a plane whose traces are each inclined at 40° to 
X Y, place a line inclined to the vertical plane at the same 
angle as the plane, and find the inclination of this line to the 
horizontal plane. 

16. Draw the plans of wo lines (any length) lying in a 
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plane inclined at 50° and meeting at a point. The one is 
inclined at 25°, the other at 35". Detemiine the trne angle 
between them. 

16. Represent a plane inclined at 50° and two lines lying 
in this plane meeting one another, the one being horizontal, 
the other inclined at 30°. Determine the angle contained by 
these linea. 

17. A point whose plan is p lies in the same plane as the 
three given points a a', h b', c c'. Determine its elevation. 

Pj^^.gj^ Solve the problem, if you can, with- 

in, out finding the traces of the plane. 

I 18. Two horizontal lines, AB, 

.A 0, contain an angle of 56°. A 
plane inclined at 30° contains A E, 
another inclined at 60° contains A C. 
Draw two lines passing through A, 
each inclined at 20° and lying one 
in each piano. Determine the angle 
between these two lines. 

19. The traces, I/M, MS", of a plane make 35° and 50° 
respectively with XT. A point, P, 1'5" in front of the 
vertical plane and -75" above the horizontal plane, lies in a 
plane perpendicular to XT and passing through M. Show 
the projections of two linea passing through P and parallel to 
the plane L'M N, one being horizontal and the other inclined 
at 35°. 

■20. In the plane P'QE place a line which shall be 
parallel to the plane L'M N, and at a distance of ^" from the 
i',0. los. latter (fig. 100). 

21. The plans, a 6, c (7, 
of two linos make angles 
of 30° with XT, and 
meet at a point, c, which 
is li" below X Y. The 
point is the horizontal 
trace of the line C D. 
c'd' mates 46° with XY. 
to X T and 1" above it. Determine the traces 
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of the plane which shall contain the line AB and be parallel 
to the line C D. 

22. Find the point of intersection of the line AB (fig. 
100) with each of the given planes. 

23. The vertical traces of two planea together with the 
groand line form an equilateral triange of 3" side. I'he planes 
are both inclined at 70° to the horizontal plane. A line is 
parallel to X T and 1" from each of the co-ordinate planes. 
Find the length of the portion of line intercepted between 
the two planes. 

24. The Yertical trace of a plane makes an angle of 55° 
with XY and the horizontal trace one of 23°. A point '3" 
below XT and 1*7" from the intersection of the traces 
(measured along XY) is the plan of a vertical line. Find 
the intersection of the line and the plane. 

25. Find the intersection of the line AB with a plane 
inclined at 45°, whose horizontal trace is given (fig. 101). 




26. Find the perpendicnlar distance of the point P 
(Exercise 19) from the plane L'M N. 

27. Throngh the given point draw a line perpendicular to 
the given plane and fi.nd its intersection (fig. 102). 

28. From the given point pp' draw a lino to meet the 
given line a I, a' V at right angles (fig. 103). 

29. Two planes contain a right angle, one of them is 
inclined to the H,P. at 60°, and their intersection is inclined 
at 50°. Represent these pianos. 

30. The horizontal trace of a plane makes 80°, and the 
vertical trace 45° with the gronnd line. The plan of a line 
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lying in this plane makes 24° -with the ground line, and its 
vertical trace is 27" above the H.P. Draw a plane passing 
through thia line at right angles to the given plane. 

31. A line, A B, 3" long, is inclined at 50° to the H.P. and 
30= to the V.P, ; one end (A) heing in the H.P. and the 
other end (B) in the V.P. Prom a point, C, in A B, 2" from 
A, draw two lines at rigiit angles to A B and to one another, 
one o£ the latter being inclined at 30°. 



CHAPTER VHI. 

SECTIONS OS- SOLIDS 



Sections. Many objects of which mecbanical drawings have 
to be made are of such a form that their construction is not 
completely apparent from ontside views only. The interior 
construction of a house, for instance, cannot be seen from the 
outside. In order to exhibit the interior of such an object we 
imagine it to be cnt in pieces by planes, and then represent 
one or more of these pieces separately. 

But in representing objects of a comparatively simple 
natnre, the addition of a sectional drawing often adds very 
much to the illustration of it, although each sectional drawing 
may not be absolutely necessary to the complete representa- 
tion of the object. 

That surface which is produced when a plane cuts a solid 
is called m geometry a, section, and if tliat part of the solid 
which is between the cutting plane and the plane of projec- 
tion is shown on the drawing the latter is called a seciioBaZpZam 
or sectional ehoation. But in the application of these terms 
to architectural and engineering drawing the word section 
is often used in the same sense as sectional plan or sectional 
elevation. 

The projection of a section is distinguished in various 
ways. One way, which we adopt in this work, is by drawing 
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across it parallel diagonal lines at equal distances apart. 
These lines ace called seation lines. 

If the true form, of a section, is required, it must be pro- 
jected on a plane parallel to the plane of the section. 



PEOBLEM 62. 
To draw the pmjeations of the section of a 'prism by a plane 
perpendicula/r to one of the co-ordinate planes. 

The section willheaplane rectilineal figure, whose angular 
points are at the points where the edges of the prism meet 
the catting plane. Since the plane of section is perpen- 
dicular to one of the co-ordinate planes, one projection of the 
section will bo a line coinciding with one of the traces of 
that plane. Sections of a prism by planes parallel to the ends 
are similar and equal to the ends. 

ExAUPLB 1. A cube, edge 1^", standing on the H.P. Kith 
one face imalined at 30° to the V.F., is eai hy a v&riical plane 
whose horizontal trace passes through the middle poinis of 
two adjacent sides of the liase of the enbe. To show a 
sectional elevation. 

First draw the projections of the cube, then the horizontal 
trace of the cutting plane. 

The cutting plane will intersect two of the vertical faces 
of the cube in vertical lines, of which 
the points a and h will be the plans and 
perpendicnlars a' a', b' V to XT the 
elevations. 

The same plane will intersect the 
horizontal faces of the cube in two 
horizontal lines, of which the line a h 
-will be the plan and ft'&', a'b' the 
elevations. 

The rectangle a' a' V V wOl he the 
elevation of the section. The eleva- 
tion of the pai-t of the solid behind the plat 
pletee the sectional elevation. 




e of section com- 
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If the true form of the eeetion is required, it may be 
shown by an eleyation on H.T. as a ground line. 

Example 2. A hexagonal -prism (base 1" side, altitude 2^'), 
havmg ons side pciraUel to the vertical plane and its axis in- 
clined at 45°, is out by a horizontal plane into two equal parts. 
To show the plwn of the lower fwrt. 

First construct half of a besagon, a' he d', of 1" side, haying 
a diameter, o! d', inelinod to X T at 45° (the complement of 
the iTieliaation of the aiia of the 
prism). From this the elevation 
of the prism, is got, as shown in 
the figure. 

Since the cutting plane divides 
■ the solid into two equal parts, ita 
vertical tra«e will bisect the ele- 
vation of the axis of the prism. 
The plan will be symmetrical 
— Y about a line (aid} parallel to 
XY. 

Draw lines from ra,' 6,' c/ dj' 
perpendicular to XY, and make 
the points 6, tiCjCi at distances 
from the line ai d equal to b b' 

Oift, Ci f^iC, 6i will be the plan of the section and will 
show ite true form. 

The construction for determining the plan of the part of 
the solid under the plane of section is apparent from the 
figure. 

PROBLEM 63. 

To draw the projecUtms of the section of n pyramid 6?/ a plane 

perpendimlar to one of the co-oi dinatf jilanua . 

The solution of this problem is similar to that of the pre. 

ceding one. The section will be a plane rectilineal figure, 

whose augular points are at the points where the edges of tlie 
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solid meet the plane of sectioo. To determine the projectiona 
of the section we have, therefore, simply to find the intersec- 
tions of the edges of the solid with the plane of section, and 
join them in the proper order. Another way of pnfcting it is 
as follows : the faces of the pyramid are portions of planes, 
and the sides of the rectilineal figure forming the section are 
the lines of intersection of these faces with the piano of 
section. These lines of intersection may be fonnd fi-ota the 
traces of the faces and of the plane of section by Problem 37. 
Sections of a pyramid by planes parallel to its base are 
similar to the base, hut less than it. 

Example 1. A pentagonal pyramid (hctse 1" side, mis 2") 
stands m the E.F. with one aide of its hose parallel to X Y, mid 
iscidhja plane melimd at 45°, whose hmizonial traoe is perpmi- 
dicula/f' to XY am,A passes 
trough one of the angular j^, 

points of the hase of the 
pyramd. To show the plan, 
of the section aaid its true 
farm. 

Commence by draw- 
ing the projections of the 
pyramid and the traces 
of the plane. 

The points where tbe 
elevations of the edges of 
the pyramid meet the ver- 
tical trace of the plane 
are the elevations of the 
angular points of the sec- 
tion. Perpendiculars from these to XT to meet the plans of 
the respective edges will determine the plana of a]I the an- 
gular points of the section excepting one. It will bo noticed 
that the plan a-o and elevation a' v' of one edge ore perpen- 
dicular to X Y, and that the perpendicular to XY from p', 
where a'v' meets the vertical trace of the plane, does not 
meet av at a point, but coincides with it. 
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To detevmine tlie plan f, draw an elevation of A V on, say, 
(1)1 as a g^found line ; av\ is this elevation, 

A point, y/, in aW)', at a distance from, av equal to a'p', 
will be the new elevation of the poiat P. A perpe»diciilar 
from^j' to av determines the plan of the poiot required. 

Tbe plan j) may also be determined as follows ; make a' ctj' 
equal tof o, jointti' Ji', through p', draw p'j)/ to meet *,' i/ at 
J)/, then, if vf be made equal to ^'j)]', f will be the plan 
required. 

To show tbe true form of the section false the vertical 
trace of the plane of section or a line parallel to it as a ground 
line, and deter mino on. tbis a new plan by bhe rules explained 
in Chapter IV. This new plan will show the true form of 
tbe section, since it isa projection of it on a plane parallel to it. 

Example 2. A pyramid having a hexagon of 1" side for 
its bOfBB <md am, altUvide of 2|", rests wUh one triangular face on. 
.p,^ ,iij the H.P. and is cut hy a ver- 

tical plane ivhose horizontal 
iraee hieeets the plan of the 
oiM of the -pyia/mid at an 
a .gle of 50" To show a 
se tM lal eleeatwm, on a plane 
2 iraUel to the plane of sea- 




An elevation and plan 
of tbe pyramid wben in the 
given poBition aro first 
drawn by the rales of Chap- 
ter IV The horizontal trace 
H.T. of the cutting plane is 
"* then drawn, bisecting tbe 

plan of the axis at an angle of 50°. 

To draw the elevation required a ground line, Xj Y,, is 
teken parallel to H.T, 

The points where H.T. meets the plans of the edges of the 
pyramid are the plana of the angular points of tbe section. 
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Consider one of ttese angular pointg. av,a'i)'ave the 
projections of one edge of the pyramid. The pointy where 
H.T, meets av is the plan of one angular point of the section. 
A perpendiotilap from p to X Y to meet a' v' determines p', 
the elevation of P, on the ground line XT. The new eleva- 
tion p/ of P lies in a line through p perpendicular to XiT,, 
and is at a height above XjT, equal to the height o?p' abofo 
XT, In the same way the elevations of the other points of 
the section are determined. An inspection of the figure will 
show how the elevation is completed. 

It should be noticed that the lines, such aay,' a/, joining 

the elevations of the angular: points of the section with the 

elevations of the angular points of the base of the pyramid if 
produced will meet at a point i;/, which is the elevation of the 
vertex of the pyramid. 

Sections of the sphere. All plane sections of a sphere 
are circles. A section by a plane which passes through the 
centre of the sphere is called a great oirole, and has a diameter 
equal to the diameter of the sphere. Any other section is 
called a small circle. 



PEOBLEM 64. 
To determine the projecHons of the section of a sphere hy a plcme 

perpendimlar to one of the co-ordinate planes. 

One projection of the section will be a line coinciding 
with one of the traces of the plane of section, and the other 
will in general be an ellipse. 

Iiet the plane of section be perpendicnlar to the horizontal 
plane. Then, the plan of the sphere being a circle, the chord 
of it which coincides with the horizontal trace of the plane is 
the plan of the section, and the length of that chord is equal 
to the diameter of the section. 

To draw the eievatioa is simply to work a problem, 
which has been already explained in Chapter IV., namely 
Problem 19. 
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PROBLEM 65. 

Given the projedio'ns of a sphere, and one ^rojeetwn of a foint 
on its surface; to determme the other projection of the 
point. 

Take a section of the sphere by a plane parallel to one of 
the co-ordinate planes, and passing through the point of which 
one projection is given. 

One projection of thb section wiU be a line coinciding 
with the trace oE the plane, and. will pasa through one pro- 
jection of the point. The other projection oi the section will 
be a circle which will paaa through the other projection of the 
point. The projections of the point must, of conrse, be in 
the same straight line perpendicular to the ground line. 

ESAMPLB. The plan and elevaiim of a sphere 2" in dia- 
meter touch XY. A point, a, IJ" telow X Y, and ^" from the 
centre of the plan, is the plan of a point lying on the mrfaee of 
the sphere ; to show the elevation of the point. 

Through « draw a line parallel to X Y, meeting the plan 
ot the sphere at the points b and c. Describe a circle con- 
centric with the elevation, and having a diameter eqaal to 
6c. Through a draw aa' perpendicular to XT, meeting 
this circle at a', a' is the elevation required. 

As the perpendicular from « will cut the circle in the 
elevation in two poiute, the point a will be the plan of two 
points lying on the surface of the sphere, these points being 
at equal distances from a horizontal plane passing through 
the centre of the sphere. 

In this example the line & c is the horizontal trace of a 
vertical plane cutting the sphere, and is also the diameter of 
the section. The circle drawn in the elevation having a 
diameter equal to 6 c is the elevation of the section. 
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PROBLEM 66. 



Given the projicthns of a sphere and of a straight lime, to deter, 
mine the projections of the points where the line meets the 
sivrface of the sphere. 

Let a h, a' V be the projeotions of tlie line, and o o' the 
projections of the centre of the sphere.* 

Eepresent a plane perpendicular to one of the co-ordinate 
planes, and containing the given line. One trace of this 
plane will coincide with tho plan or elevation of tho given 
line, according as the plane selected is perpendicular to the 
horizontal or vertical planes of projection. 
Suppose the plane selected to be vertical. 
The horizontal trace of the aasnmed plane will coincide 
with a b, the plan of the line. 

Tfvkea ground line, X|Yi, parallel to a 6, and determine on 
this now ground line the elevation a,' fci' of the line A B. If 
the plan n 6 meet the circle, ivhieh is the plan of the sphere, at 
the points a and h,ab will be the diameter of the circle, which 
is the section of the sphere hy the assumed vertical plane. 
Determine the elevation of this circle on X,T| The eleva- 
tion will be a ciicle whose diameter la equil to ah, and 
whose centre o, i"! ^t a difctajite from X]Ti equal to the 
distance of o' al)o\e XY 

Let 0/61' meet this cnole at the points p/ and 5/. 
Through p/ and q/ draw peipendiculars to X|T[ to meet 
a 6 at ^ and 3 Through p and q draw pei pendiculars to 
ST, to meet a' b' at p' and q' pp' and qq' are the points 
required 

The theory of this construction is simple The assumed 
plane contains the gnenline,and''ntstlie suifaoeof the sphere 
in a circle This circle and line being m the same plane, if 
the projections of the line meet the projections o£ the circle 
this shows that the line meets the circle ; bnt as the cironm- 

* No fignro is given to illustrate this problem, but the student can 
easily make one for himself. 
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ference of the circle lies on the surface of the sphere, being a 
section of it by a plane, the points where the projections of 
the line meet the projections of the circle must be the projec- 
tions of the points where the line meets the surface of the 



Seotiojis of the CTLiHnEK. All soctjons of a right circu- 
lar cylinder by planes parallel to its axis are rectangles, two 
sides of which lie on the curved surface of the cylinder, and 
the other two on the ends. 

All sections by planes perpendicular to the axis are equal 
circles. All other sections by planes which do not cut an end 
of the cylinder are ellipses, the minor axes of which are equal 
to the diameter of the cylinder ; but if the plane of section 
also outs one or both ends of the cyhnder the section will bo 
a portion of am ellipse, 

PROBLEM 67. 
To determine ihi. jrojecttons of the seoUon of a cylinder hy a 

plane perpendioular to one of the eo-ordinate planes. 

In defining a right oiiculai Cylinder, it was pointed out 
that it might be con'^idered as ' a solid described by the rero- 
Intioa of 1 rectangle about one of its sides, which remains 
fixed.' If, theiefore, a nnmber of lines be drawn to represent 
a number of different positions of that side of the rectangle 
which is parallel to the fixed side, these lines being on the 
surface of the cyhndei, their intersection with the cutting 
plane will deteimme points in the section required. 

By taking a auflioient nnmber of these lines we may 
determine aa many points m the section as we choose. Then 
by drawing a 'fan cuive' thiough these points the com- 
plete section is determined. 

EsAMELB. A cylinder 2" m diameter, hamng its axis inclined 
at 50°, is cut by a horizontal plane. To draw ike ellipse which 
is the plan of the section. 

Draw an elevation a'a'g'g' of the cylinder on a plane 
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parallel fo its axis. On a' g' describe a semicircle. TLig will 
be a half end view of the cylinder. Draw V.T,, the vertical 
trace of the cutting plane Draw the 1 e^ifi c e d d &c 
parallel to the elevation of the axis of the cjl nder and pro 
duce them to meet the &emioircle at the po uts h e I &a 

These lines and points aie the proiect ons of 1 nes wh ch 
lie on the cnrved surface of the cjhnde and these lattei 
lines meet the plane of beet on at j o nts whoso elevations ait 
B)', C]', di', &c. These joints ire thereiore elev^t ns of 
poinia ia the curve of sect on reju ed 

Conceive a plane parallel to the ve t cal } lane of p ]eo 
tion, and containing the as s of the cylmd r D aw the 1 ne 
(ti3i parallel to XY to repeaent 

a portion of the horiaoutal t ace of 
this plane. 

This central plane will divide 

the cyliuder into two equal por- 
tions exactly alike. One half of 

the curve of sect on fo med hf the 

horizontal cutting plane will 1 e n 

f out of th s plane anl the other 

half lei ni t 

Cons der tl e j o t B of the 

section The plan f tl s ^ o nt 

will I e n the pe pen 1 ular 

through b to XI Also the d 

tance of B from tl e cen nl plane 

just mentonel v 11 le ej^ al to 

6 6 the di tance of 6 fro n the 

d ameter of the sem o rcle theref 

th B d stance from the 1 ne a _/ 

It s ev dent that there wdl be t 




V 11 1 e it 



points B one n 
front of tbe central plane and the other at an equal distance 
behind it. 

In like manner Cj, di, &c., the plans of the other points, are 
obtained. 
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PROBLEM f 



Given, the pryeetions of a eyUnder and one projection of a point 
on Us mrface, to determine the other projection, of the point. 

Take a section of tbe cylinder by a plane partJlel to ita 
asis, perpendicnlar to one of the co-ordinate planes, and 
passing throngli the point of wKich one projection is given. 

The section of the cylinder by thia plane will be a rect- 
angle, one projection of wiiich will be a straight Hue 
coinciding with one trace of the assumed plane, and will pass 
throngh one projection of the point. Tho other projection of 
the section will be a parallelogram, one side of which will 
pass thTOngli the other projection of the point. Then, again, 
the plan and elevation of the point lie in the same straight 
line perpendicular to thegronnd line. Thus, if one projection 
of the poiufc ia given, the other caoi be found. 

EsAMriiE. A cylinder 1^" in dicvmeler has its aajts parallel to 
tlie growid line wad ^' from each plwie of projection. A point 
1" from X Y is the plan of a point hjing on ike surface of this 
cylinder: to show its elevation. 

Draw Xi T, perpendicular to X Y, and on this new gronntl 
line draw an elevation of the rjlmder This elevation will be 
a drcle 1^" in diameter and touching X, Y, Through p 
draw a line perpendicular to X^ Yj, meeting the cncle at the 
points Pi , Pi' On the first elevation of the cyhnder draw 
two lines parallel to X Y, lud at distances from it eqnal to 
the distances of ^i', p^' from X, T, 

Through p draw a peipeadnulai to XY to meet these 
parallel lines. The points thus defetmiiKd will bo tlie elcva 
tions of points of which p is the plan 

Sectiohs op the CONfL In Tihat follows we negleot the 
base of tbe cone and consider its cuived 'suiface oalj 

The section of a cone by a plane which contains ita vertex 
is two intersecting straight lines. If, in addition to contain- 
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ing the vertex of the cone, the plane of section contain its 
asis, the section ia called h principal section. 

The section of a cone by a plane perpendicular to its axis 

If the plane of section cut Troth lines of a principal section 
on the same side of the vertex the section is an ellipse. 

If the plane of section be parallel to one of the lines of a 
principal section, and perpendicular to the plane of that 
principal section, the section is a parabola. 

Any other section of the cone is a hyperbola. 

The circle may be considered as a particular case of the 
ellipse, and two straight lines as a particular case of the 
hyperbola. A single straight line ia also a partieulaj case of 
the hyperbola, or of the parabola. In this case the plane of 
section touches the cone. 



PROBLEM 69. 

A cone having its atm vertical is cut hy a pla/ne perpendicular to 

the vertical plane of projection : to determine the plan of the 

section and its true form,. 

The solution of this pioblem is similar to that of Problem 
67. In this case we diaw lines v av' a', 'oh v' b', &c., to re- 
present a nnmber of diSbreni positions of the hypotenuse of 
the right ingled triangle which describes the curved surface 
of the cone 

The points whero these lines meet the plane of section arc 
points in the section lequired 

Let v' a meet the vertical trace of the plane of section at 
the point tti Through a,' draw a perpendicular to XT to 
meet « a at the point ttj «i la tho plan of a point in the 
curve of secticn 

In like mijinei the points I ,, lj, &c., are determined, and a 
fair curve drawn through these completes the plan of the 
section. 

To determine the true form of the section, fate the vertical 
trace of the plane of section or a line parallel to it as a new 
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gronndline. Througli the ppinta a/, &,', o/, &e., draw per- 
pendiculars to tMs new ground line, and make the points 
a^, 1)2, Cj, &c., at distances from tLe new ground line equal to 
the distances of the points ai,&i, fli, &c., from XT respectively. 
A fair carve joining these points Urns determined will be the 
true form of the curve of section, which is, in the particular 
case shown in the figure, a hyperbola. 

There are some oases, and fig. 109 shows one of these, 
where the lines on the surface of the cone meet the plane of 




section at so acute aa angle that it is difficult to determine 
exactly their points of intersection. In such cases it is better 
to proceed as follows. 

All points in the moving line which describes the curved 
surface of the cone describe circles whose planes are perpen- 
dicular to the axis of the cone. Draw the projections of the 
circles described by a number of these points. The inter- 
section of these circles with the plane of section determines 
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points in the eeetioa required. When the axis of the cone ia 
vertical the elevations of these circles will be straight lines 
parallel to the ground line, and their plans wil! fae circles. 

This method should also be applied for determining those 
points which lio on those lines whose projections are perpon- 
dicnlav, or nearly perpendicular, to the ground line when the 
first method is employed. 



PROBLEM 70. 

Givevt the prelections of a cone, and one projection of a pomt on 
its swfaee, to determine the other projection of the point. 

Lefc V be the vertex of the cone, and P the point on its 
surface. Suppose p the plan of the point P to be given. 
Through V draw a line, vp a, meeting the plan of tbe base of 
the cone at the point a. Through a draw a «' perpendicular 
to the ground line, and meeting the elevation of the base of 
the GOJXB at a'. Join v' a', and through p draw pp' perpen- 
dionlar to the gronnd line, and meeting it' a' at f'. p' is the 
projection required. 

If ^' is given and p has to be found, the construction would 
be that just given vforked backwards. 

If the projections v a and v' a' are parpen dicitlar to the 
grouiid line, the perpendicular j) jj' will not meet either of 
these at a point, but will coincide with them ; in this case it 
will be necessary to take another elevation to find the dis- 
tance of p or p' from the ground line. 

In this construction v a, v'a' is a line lying on the surface 
of the cone, and, as one projection of this line is made to pass 
through one projection of the point on the surface of the cone, 
the other projection of the line mnst pass through the other 
projection of the point. 

We may also consider the line v a, v'a' to be one of the lines 
in which the surface of the oone is cnt by a plane. This ai 
the method adopted in solving the corresponding problem for 
the cylinder. 
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EXERCISES. 



1. A pentagonal prism (pentagon 1^" side, axis 2|") 
rests with one aide on the ground. Draw a sectional elevation 
on a Tertieal plane, bisecting tlio axia of the prism at an 
angle of 55°. 

2. Draw an equilateral triangle of 3J" side and another 
within it having its sides ^" distant from the sides of first. 
Draw a line bisecting one side of the larger triangle at an 
angle of 85°, The triangles form the plan of a hollow prism 
standing on the H,P., and whose height is |", The line ia the 
horizontal trace of a vertical plane cutting the prism into two 
portions. Draw an elevation of the larger portion looking at 
right angles to the section. 

3. A right rectangular prism — basol^" x |", lengths^" — 
has the longer aides of its base horizontal and the shorter 
sides inclined at 45°. The solid is divided into two portions 
by a vertical plane, which biaecta the lowest horizontal edge 
at an angle of 40°. Show an elevation of the larger portion 
on a plane parallel to the cutting plane. 

4. A right prism whose ends are hexagons of 1'25" side 
and whose axis is 4" long, lies with one side on the H.P. It 
is cut into two equal parts by a vertical plane which makes 
an angle of 40° with its axis. Show the plan of one of these 
halves when standing on its section end. 

5. The base of a hollow prism is a regular hexagon of 1^" 
aide, with another concentric hexagon of 1" side, the sides of 
the lati«r being respectively parallel to those of the former. 
This prism, which ia 3" long, is halved by a plane which is 
perpendicular to one side of the prism and inclined at 50° to 
its ends. Draw the plan of ono of those halves when standing 
on its section end. 

6. A square pyramid— base 2" side, asis 3'' — stands on 
the H.P., and ia cut by a horizontal plane which bisects the 
asis. Draw the plan of the frustum. 

7. Shew the plan of the lower portion of the pyramid ia 
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tbe preceding' exercise wlien the catting plane bisects the 
azis at an angle of 45°. 

8. A square pyramid (side of square 2'5", altitude 3'5") 
stands on the H.P., and is out by a vertical plane passing 
through one point half way down one edge and another point 
one quarter of the way down an adjacent edge. Show tho 
true form of the section. 

9. A hexagon, A B C D E F, of 1|" side, is the base of a 
right pyramid, 3" high, which stands oa the H.P. A line 
cutting C D 'S" from D and A F "2" from F is the horizontal 
trace of a vertical plane cutting the solid. Show the true 
form of the section made. 

10. A pyramid, having for its base a square of 2*5" side 
and its axis 3'25" long, rests with one triangular face on the 
ground. Draw its plan and a sectional elevation on a vertical 
plane, represented by a line bisecting the plan of the axis and 
toabing an angle of 60° with it. 

11. A hepte^onal right pyramid of 1" edge of base and 2" 
high is lying with one fece on the H.P,, assuming it to be cut 
by a vertical plane passing through the centra of the 
heptagonal base, and making an angle of -iS" with tbe plan of 
its axis. Draw the section and elevation. 

12. A hexagonal prism (side of base 1^", height 1|") 
Laving its base on the H.P. and one side inclined at 10" to 
the V.P., is surmounted by a tetrahedron having the corners 
of its base at three of the angular points of the prism, one 
comer coinciding with that corner of the prism which is 
nearest to the V.P. Show the plan of tbe section made by a 
plane which bisects the axis of the tetrahedron is perpen- 
dicular to the V.P., and inclined afc 60° to the H.P. 

13. A sphere 2^" in diameter is cut by a plane which is at 
a distance of ^" from its centre and inclined at 45°. Show 
the plan of the section and its true form. 

14. A sphere 3" in diameter has its centre in the ground 
line. Show the projections of a point on its surface which is 
1 ' above the H.P., and ^" in front of the V.P. 

15. Draw the projections of the sphere and point as in the 
preceding exercise. A straight line enters the sphere at this 
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point, and has its plan aad elevation inclined at 60° and 30' 
respectiFely to the ground line. Determine the projectionB 
of the point where this line leaves the sphere. 

16. A cylinder 2" in diameter and 3" long has its axis 
inclined at 40°. Show tho true form of the section made: 
(a) by a horizontal plane bisecting the axis of the cylinder ; 
(6) by a vertical plane whose horizontal trace hisecbs the pian 
of the axis of the cylinder at right angles. 

17. A cylinder 2^" in diameter and 2^" long has a hexa- 
gonal hole through it (aide of hexagon |"), tlie axis of the 
hole coincides with the axis of the cylinder, which is bori. 
Eontal, and it has one side vertical. This solid is cut hy a ver- 
tical piano,, whose horizontal trace coincides with one diagonal 
of the square which ia the plan of the cylinder. Show a 
sectional elevation looking at right angles to the section. 

18. A cylinder 1^" in dianieter rests on the ground, ■with 
ita axis horizontal and inclined at 30° to the V.P. Two 
points, each 1" above the gronod and 1^'' in front of the 
V.P., He on the surface of this cylinder. Show the projec- 
tions of the points. 

N.B, — The cylinder may be shown of any convenient 
length, and the ends may be shown by brohen lines. 

19. A cono (base 3" diameter, axis 3^') ia cut by a plane 
bisecting its axis at an angle of 50°. Show the true form of 
the section. 

20. A circle 1*25" radius is the plan of a right cone 3-6" 
high, standing on the horizontel plane. Show the plan and 
the true form of the section of this cone by a plane whose 
horizontal trace is 2" distant from the centre of the plan, and 
whose inclination is 40 ". 

21. A right cone— radius of base 1'5", height 3-5"— stands 
on the horizontal plane, and is cut by a vertical plane ^" from 
the axis. Determine the true form of the section. Name the 
curve obtained. 

22. Determine the plan and true Form of a parabolic 
section of a cone whoso base is horizontal by a plane which 
cats ita axis at a point 1" from the vertex. Rase of cone 2^" 
in diameter, axis 3" long. 
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23. A triangle v' a' h' (»'«' = v'h' = 3", a' V = 2^") is 
tVie elevatioa of a right circular cone standing oo the groancL 
Two points, P and Q, lie on tlie surface of this cone, p' is 1" 
from a' and 2" from 6'. q' is 2" from ^' and 2" from h'. 
Draw the projections of the cone, aud show the plans of tlie 
points P and Q. 



CHAPTEE IX. 

PKOJECTION OF PLANE FIG 11 RE 3. 

PEOBLEM 71. 

Given the ineUnation of the plane of atii/ jilwiie jlgit/re amd of ant! 

Imie vn, ihatfiquie, to draw itt, projeGtums 

First of all determine the traces L'M, MB" ui the phno 
contamine^ the bgure It will be found that tlin woikmt; A 
the problem la much ^im. 
plifled by faist assuming thii 
plane perpendicular to the 
vertical plane, so that it^ 
horizontal tiace is peipeii- 
dieuUr to the ground line, 
and its vertical trace inclmed 
to the groujid line at an 
angle equal to the inclma- 
tion of the plane In this 
position the elevation of the 
figure will bo i stiaight line 
coinciding with the vertical 
trace of the plane. After, 
■wards any other elevation 
may be obtained by Problem 19. 

Next place in this plane L'M N, by Problem '■. 
P Q, having the inclination of the line of the figure 
the problem. 
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Now imagine tlils inclined plane, with the line P Q upon 
it, to rotate aboat its horizontal trace MN until it comes into 
the horizontal plane. 

The point Q being in M N" will remain fixed during this 
rotation, while the point P will describe, an arc of a circle in 
the vertical plane with M as centre. Hence if with M as 
centre the arc f' P, be described, meeting X T at P,, Pi 5 will 
be the poaition of the line P Q when the latter is bronght into 
the horizontal plane. 

Mark off on P] 2 a length, A] Bj, eqnal to the length of 
that line of the figure whose inclination is given, and on AjEj 
oonstruct the given figure wbateTer it may be. 

'Note. The line A B is not necessarily a aide of the fi-gnre, 
but may bo any line whatever in the same plane with it 
occupying a known position in relation to the figure. 

!Now imagine the figure thus drawn on the horizontal 
plane to rotate about M H". The elevation of this figure in 
any position as it rotates will be a portion of a line passing 
through M. All points in the figure will describe arcs of 
circles whose plans will be straight lines perpendicular to 
M N^, and whose elevations will be arcs of circles having their 
centres at M, and having radii equal to the distances of the 
pointe from M If, 

Thus the point will describe an arc whose plan is the 
straight line Cj c perpendicular to MN, and whose elevation is 
the arc c/ c'. 

Let the rotation continue until the plane of the figure has 
the required inclination, i.e. until the elevation coincides with 
L'M. Perpendiculars from the elevations of the angular points 
of the figure to X Y to meet the plans of the arcs described 
by them during the rotation determines the plans of these 
points. 

Thus a perpendicular from c' to X Y to meet the line 
through d perpendicular to MN determines c, the plan of one 
angular point of the figure. 

As a verification of the construction the student should 
notice that if any side, say Bj Oj, of the figure constructed on 
the horizontal plane be produced to meet M N, it will do so at 



y Google 



PROJECTION OF PLANE FIGORES. 103 

tte point where the plan he oi the same line in its inclined 
position meeta it. 

It must be borne in mind that no line of the fignre Ciin 
Lftve a greater inclination than that of its plane. 



PROBLEM 72. 
Given the mdmation of the plane of a circle, to draw its ^ro- 

Draw L'M, M N, the traces of the plane contaiaing the 
circle, as in the preceding problem. 

Oa the horizontal plane draw the Fia. iii. 

circle A Bi C D|, having a diameter ^ 

equal to that of the given circle. i<( 

Throngh any convenient nnmber of 
points in. this circle draw perpendiculars ■ 
to XT. With M as centre, and the 
distances of the feet of these perpen. 
dictdars froia M as radii, describe arcs 
of circles to out L'M. Fi-om the points 
where these area cut L'M draw perpen- 
diculars to XY, to meet perpendiculars 
to M N from the corresponding points 
in the circle A Bi C Dj, Thia deter- 
minea points in the plan of the circle, ^ 

and by drawing a fair curve through these the plan will be 
complete. The plan will be an ellipse, whose major axis is 
the plan of AC, that diameter of the circle wh eh lapaiallel to 
MN and therefore horizontal. (In fig 111 AC haa been 
made to coincide with MN.) The minoi axis of the ellijse is 
the plan of B D, that diameter of the circle which is perpen. 
dicular to M K". 

We may therefore determine the ase^ of the ellipse and 
then draw it by any of the rules for drawing ellipses 
Tbe line d' b' is the elevation of the circle 
From this plan and elevation any other elevation may be 
obtained by Problem 19. 
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PROBLEM 73. 
Given the inclinations of any iv)0 iniersecl/ing siraiglit Knes in a 

•pXcme figure, to draw ike projections of ike figure. 

Determine by Problem 60 the traces of the plane contain- 
ing the lines wboae incliaationa are given, taking the ground 
line pej^iendicular to the horizontal trace. 

Rotate this plane with the lines npon it about its horizontal 
trace, asinProblem.71,nntil it comes into the horizontal plane. 

On the lioes thus brought into the horizontal pltme con- 
struct the given figure, and proceed exactly aa in Problem 
71 to determine the plan. 



PROBLEM 74. 
iven the heigJds of three points in a plane figure, to detirrnin 
its 'pr Ideations. 




Note. The difference between the heights of any two 
points must not exceed the distance between the points. 

The three points if joined v/Hl form a triangle, and we 
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haTB first to defcermice the traces of the plane containing this 
triaaigle. 

Let A, B, and C be the points whose heights are gi^en. 
Constrncb on the horizontal plane a triangle, A|B|0], 
equal to the triangle ABC. 

With centre Aj and radiaa equal to the height of the point 
A, describe the circle B F H. With centre Bj and radius 
equal to the height of the point B, describe the circle ELM, 
With centime 0] and radina equal to the height of the point 
C, describe the circle N P Q. 

Draw HL to tooeh the cirelca E F H and K L M, and 
produce it to meet Aj B, produced at R. Also draw EP to 
touch the circles E F H and TT P Q, and produce it to meet 
A| C] produced at S. E.S is the horizontal trace of the 
plane required. 

Make XT perpendicular to R S, meeting the latter at O. 
Draw Ai a/ perpendicular to ST, With centre and 
radius a/, describe an arc, d/ a', to meet at a' a parallel to 
X T, which is at a distance from the latter equal to the 
height of the point A. a' is the vertical trace of the plane 
required. 

The theory of thia construction is eimilav to that of 
Problem 60, which the student should refer to again. 

It 13 evident that the angle AjRH is the inclination of 
A B, and that the angle A, SE is the inclination of AC. 

The plan a & c of the triangle A B C is now determined a-e 
shown in the flgnre, which is just a repetition of the con- 
struction performed ia the preceding problems of this 
chapter. 

If A B C is not the complete figure given in the problem, 
a figure equal to it must be built up on the triangle A, B, C,. 
Then the plan of the whole figure is obtained in the same way 
aB the plan of the part ABC. 
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PROBLEM 76, 

A plane figure revolves about afi^ed konzordal line in it till the 

■plan of am angle Off ogite to that line is equal io a given 

angle : to del&rmvne the projections of the figure. 

Let A B C D denote tlie given figure, A C the line about 

which it is to revolve, and B the angle whoao plan is to be 

equal to a given angle. 

Consfcract theflgureoBi cD, equal to the figure AB D. 

Oaae describe by Euclid III. and 33 a eegment of a circle 

„ , J to contain an angle equal to that into 

which the angle B is to be projected. 

As the figure reTolves about A C, 

the point B will describe an are of 

a circle whose plan is a line through 

B; perpendicalar to ac. Let this 

/"■--a perpendicnJar meet the fegment of a 

-'^^'^^ circle which was described on a o at 

the point b. abe m the plan of the 

angle B wben the flgnre has cevolved 

as stated in the problem. 

Draw X Y perpendicular to ac, 
meeting the latter produced at a'. 
Draw Bi &i' perpendicular to X Y. 
With centre a' and radins a' E/ describe the arc &/ b', and 
through b draw a perpendicular to XT to meet this arc at l'. 
a' b' is the vertical trace of the plane containing the figure 
A B D when the latter occupies the position stated in i.he 

From D, draw D, d,' porpendicnlar to XT. With centre 
a' and radius a' d^' describe an arc to cut a' b' at d'. Draw 
d' d perpendicular to X T, to meet a line through Di perpen- 
dicular to a c at (?. ah cd m the plan and d' b' an elevatign 
of the figure A B D, as roq^uired. 
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EXERCISES. 



1. rtraw the plan of an equilateral triangle o£ 2'5" side, 
its plane to be ineliiied at 48° and one side at 32°. 

2. Draw tho plan of an isoscelea triangle, whose haee ia 
2'5" and sides 3" when its plane is inclined at fiO° and its 
base at 35°. 

3. The sides of a triangle are 3", 2'75", and 2'5" long re- 
gpectively. Draw its plan when the plane of the figure is 
inclined at 55° and the longest side at 30°. 

4. Draw the plan of a rectangle 2" x 3" when its plane is 
inclined at 50° and one diagonal at 35°. 

5. A. rectangle, sides 2" and 3", has its plane inclined at 
60° to the H.P., the short sides being horizontal. WLat is 
the inclination of its diagonals ? 

6. Construct the plan and two elevatinna of a square of 
2'5" side wben its plane is inclined at 50° and one edge is 
inclined at 30° (one of the elevations to be on a plane paraUel 
to one diagonal). 

7. Draw the plan of a rectangle (aides 3" and 2") when 
its plane is inclined at 50° and one diag;onalis horizontal. Also 
show an elevation on a plane parallel to the other diagonal. 

8. A pentagon, ABODE, side 1'73", revolves upon the 
line joining A with the centre of the opposite side till its plane 
becomes inclined at 50°. Draw its plan. 

9. The plane of an isosceles triangle (base 2", sides 3'5") 
is vertical and inclined at 40° to tlie vertical plane. One 
side is inclined at 70°. Draw tie elevation of the triangle. 

10. Both the traces of a plane make angles of 45° with 
XT. A regular hexagon of 1 " side lies on this plane with one 
side inclined at 20° to tbeH.P. Show its plan and elevation. 

11. Draw the plan of a cirole 2^' in diameter when its 
plane is inclined at 60°. 

12. A circle 3 ' in diameter lies in a plane inclined at 55° 
to the paper ; draw a plan and an elevation, tlie ground line 
making an angle of 60° with the horizontal of that plane. 

13. A circle 2-25" in diameter lies in a plane whose 
traces lioth make 45° with X T, Draw its plan and elevation. 
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14. Draw the plan of an isosceles triangle whose base is 
2-5" and sides 3" when iliat base is inclined at -iO" and one of 
the sides at 48°. 

15. Draw the plan and two elevations of an equilateral 
triangle, AB C, of 3" side when the sides A B, B are in- 
clined at 35' and 65° to the paper ; one elevation to be on 
a plane parallel to A C. 

16. Two sides of a square are ineliaed at 30° and 40°. 
Draw its plan and give an elevation on a line parallel to one 
dis^onal of the plan. 

17. Draw the plan of a sqnare of 3" side when its two 
diagonals are inclined at 28° and 38°. 

18. Draw the plan of a regular hexagon of 1" side when 
one of ita sides is inclined at 20° and an adjacent side at 26°. 

19. A pentagon of 2" side has one side inclined at 25° and 
one di^onal meeting that side inclined at 35°. Draw its plan. 

20. Draw the plan of an equilateral triangle of 2'6" side 
when so held that its corners are -9", 1-6", 2'5" respectively 
above the H.P. 

21. An isosceles triangle, having its sides 2'5" and its base 
3", has the two ends of the latter at •&', V9", and its vertex 
2-8" above the ground. Draw its plan. 

22. The centre of a regular hexagon of 1'5" side is 2" 
above the ground, and the estremities of one side are |" and 
1" respectively above the ground. Draw the plan. 

23. A square, A B C D, of 2" side has the corners A, B, C; 
at heights of ^", |", 1^" respectively. Draw a plan of tlio 
square and an eleviition on a vertical plane parallel to the 
diagonal B D. 

24. A rectangle, sides 2" and 3", revolves upon one 
diagonal as a fixed horizontal line, till the plan of a right 
angle opposite becomes an angle of 120°, What is the 
inclination of the plane of the figure ? 

25. A triangle, alc(ah= 3", 6 c = a c= 2"), is the plan 
of an equilateral triangle, AB being horizontal. What is 
the inclination to the ground of the plane containing it ? 

26. A rectangle 2-6" x 1'75" is the plan of a square. De- 
teimine the inclination of the plane of the square. 
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27. A rliombaa (If" side, longest diagonal 2|") is the 
plan of a square, one of whose diagonals is horizontal. FiQci 
the side of the square and the inclination of its plane. 

28. Under what conditions is the plan of a square — (a) an 
eqnal square, (b) a straight line, (c) a rectangle, (d) a 
parallelo^am, (e) a rhombus ? 

2y. Can any pai-allelogram drawn at pleasure be the pro- 
jection of a square ? Give reasons for yonr answer. 

30. Draw a line, a h, 1'6'' long From r the middle jioinl' 
of a h, draw e d 2'B" long, maLmg the ingle 6 d 60° These 
two lines represent the plan of a T squire « and d aje ot 
the horizontal plane. Deteimme the true s ze of iiio T 
square. 

31. Two lines which meet aie at nght angles to orif 
another and are equally incl ned to the E P Then plai 'i 
contain an angle of 110°. Draw an elevation of them on 
ground line parallel to the plan f one 

32. Draw a rectangle, abri (a& = 2^ ,6 = 3^ j 
From a point, /, in be S" from & draw/i; 2^" long, makins 
the angle efg equal to 20°. On/ 3, and within the rectangle, 
construct an equilateral triangle, fgh. a & c d represents a 
blackboard and fgh a, triangle drawn upon it. Draw the 
plan of the board and the triangle when the plane of the 
former is inclined at 45° and its long edges (ad, be) are 
horizontal. 

33. A triangle, aoh (ao= 1-1", o & = I'S, ah = 1-7'%U 
the plan of one of the eight isosceles triangles which make 
up an octagon; o in the plan of the centre of the octagon. 
Complete the plan of the latter, 

34. Draw the plan of a square of 2" side when its pla.tie 
is inclined at 40° and two opposite corners are 1" and 1^" 
above the ground. 
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Examination Paper on Praetieal Solid Geometry, set by the 
Sdmce and Art Department, May 1883, 



FIE8T STAGE Oil ELEMENTARY EXAMINATION".' 

IlTSTRTTCTIOBS.' 

The cooatructiona may ba left in pencil, provided they aro distinct- 
and neat, and that the construction lines are ahown. They must he 
strictly geometrical and cot the result of calculation or trial. In the 
absence of those lines which are essential to a correct solntion no 
maito wUi he awarded, however correct Uie result may appear. 

lines parallel or perpendicular to others may be drawn meeharii- 
cally without showing any construction. Lines may l>e bisected by 

Only EiyM Que^ions are to 6? attempted. 
Questions marked (*) have accompanying diagrams.' 
The examination in this subject last) for four hours. 

StJid Geometry. 
1. Represent correctly by tlieir projections on a horizontal ar.d 
vertical plane : — 

a. A line parallel to both planes of projection. 
6. A liae passing tbroHgh a point on the ground line, 

c. A point equidistant from both planes of projection. 

d. A line equally indined to both, planes of projection. (8.)'' 

' For the Advanced and Honours Papers see Appendix to Part II. 

' We have only reprinted part of the instructions given. We bave 

also omitted the four problems on Plane Geometry which were set at 



' The diagrams (fig. 114) are drawn to the scale of |ths, 
' The relative values of the questions arc given by the numbers ii 
brackets at the end of each i^uestiou. 
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■2. State pveciaelj what is represented by esick of the four given 
flgores, fl,6,o,d. (8.) 

*3. Determine the traces of any plane uot perpendicular to either 
plane of ptojeclJon and containmg the given point a a'. tlO.) 

*i. b ia the plan of a, point which is £J|" from the given point a a'. 
Determine its elevation V. (10.) 

'6. From the given point J) j>' in the given plane draw two lines in 
the plane inclined at 29°, and determine the real angle they 
contain. (U.) 

'6. The given lines Af, B f represent the plan of a pdr of dividers 
whose points A, S are in tlie liorizontal plane. The lege are 
5" long. Determine and write dOwn the height of the joint 
above the horizontal plane. (12.) 

'7. ghis the plan of a line lying in tie given plane. Determine its 
elevation and real lengtb. (13.) 

8. Draw the projections of a equare of 2J" side ; one ade to be in 
the ground line, the opposite side to be eijuidiatant from both 
planes of projection. (14.) 

*0. The figure represents a street lamp. Complete the plan and 
mate an. elevation on CD. (15.) 

*10. Make a sectional elevation of the lamp on MN. (15.) 
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AntbDiised Bflltion. Oi. Sto, 2i. 63, 1 Popular Bdition. Cr. 8vo. 2j. ei 
or Si. id. gilt edges. | 

lUoaitlay'a Orldcnl and HlatorloKl EsBays ;^ 



— BMoryot the Romans nudec the Empire. S toIb. post Svo. 43i. 
i Nelson's (Lord) Letters and DespatcLea. Edited by J, K. Laughton, Svo. IBs. 
I Pears' The Fall o! Constantinople. Sto. 16). 
■. Saintsbnrj's Manchester; a Short- Histovj. Crown 8yo. 3s. ed. 
I Seebohni's Oxford Eefonneis— Colct. Biaamna, &, More. 8vo, 111. 
I Short's Hietsry of tlie Church of Englasd. Crown evo. U. ed, 

Bmitb'B Ootthiige and the Osjthaginiana. Crown Sto. lOt Sd. 

Taylor's Manual of the Hlstoiy of India. Crown 8vo. 7i. B4. 

Todd's Patliamentsry GoTernment In Sngland (S vOia.) YoL 1, 3vo. Ms. 

Titzthum'8 St. Petersburg and London, 1862-1364. 2 toIb. Svo. 80j. 

Walpole'a Hiatorj of Bnglfund, from 1B16. 6 rola. 8to, Vols. 1 & S, 181S-1832, 36), 
Vol.3, 1833-1841,181. V0I3. 1&6, 1841-1868, 36j. 

Wjlie's Hietory of England under Henry IV. Vol. 1, orown Svo. Mi. Si. 

i LONGMANS, GREEN, & CO., Loudon imd Hew York. 
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BIOGRAPHICAL WORKS 

Uts and Letilets. Edited, by O. F. Armst 



Mrs ) Lattata ao 






,na Opinions. 8to. 
!w X4ang. Crown 
' Steele. Bj 



la Blake. ByDarid Haunay. Claverhouee. 

Chat at Jamca) The Barlj History of. By Sir 
0.81. 

sesas : aSketoh. Ccowa Sto. 6j, 
m irW.B.)Uie,byGrB!M. V(dB.limdS, 

ocfc Life, by Marshman. Orown Bvo. Si. M. 

ai '9 SketciiBS from my Uie. Crown Svg. 7i 

ii!» Lara) Lite and Letteig. By lile Nephew, g 

Bdition, 1 vol. ocomi a™. 6i. Cabint 

Libmiy Edition, 3 Tols. Svo. aCi. 

~ BDslated by Lady Wallace. 

by Frot, Baio. Ccown 9yo, 

^tiona of, by Prof. Bain. Ca 

Autobiography, flro. 7i. Sd. 

M s) Biogtaphioal EstajB. Crown Bvo. 7<. Si 

I Apologia pro YM Sol. Crown iio. ds. 



8 Biogreplijof 



B> His L' 
te (OutUoeB ot), by Hi 



MENTAL AND POLITICAL PHILOSOPHY, FINANCE, 
a w o! the Sdenoe of Jurlapf udenoe. Bvo. 18i, 



I. DedncUoQ, 49. 

id Moral Science. Cn 

ZB and the Intellect. 
llona and the Will. 8 



IT U. Induction, 6>. Sd. 



LONGMANS, GEEEN, & CO., London aud Hew York. 
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General Lists of Works. 






Crnnip^ A Short Enquirir Intf 


tHa Eotmaaon of Bnelisli Pq 


Zi 


OpinLon. 


Dowel 
Oreen' 


B A Hiatoty of Taiation 
(ThoiHoa HUl) Worits. 

BBCh. 

BssajB, edited Hy StceE 

Elemcnla of PLjsiolCBi 
CoBtom ana Myth : Stoi 


MS Tascs in Bi^laaa. 4 vols. B 
(3 TolsO Vols. 1 & 3, EMloMph 


™w 


]. 


&8roE6. a vols. 8vo. Ms. 
urs, editad by Green & SrofiB. S 


vols 


V0,7!.6d. 



I Lealie^B Be^&yg ia Political and Aforal Fhilceophy. Bvo 

I Lewes'a History of PhiloBophy. S vols. Bvo. 32j. 

j Lubbock's Origin o£ OisilisKtioa. Sto. I8j. 

■; MaBleod's Piini^plM of Economical PMloeophy. In ' 



imes) Anslysle of the Phenomena of the Ilumau Miu 
in Stuart) on Represmtative Goveixment. Grown g 

— on Liberty. Crovra SvD. la. Id. 

— Bxatnination of Hajollton's PUIosapby. 



— — 'OlilitBrianisni. Byo. Sj. 

— — IhtBB Baaajs on Eeliginn, Jw. Kvo. 5 
MuIbBll'B History of Piioce since ISiO. Crown ^lo. 6s. 
MBlIar's The Siience of Thought. 8vo. 21s. 
Sandairs'e Inalitntes oC Justiniaii. wltb Baglieh iCTotcB. Si 
BeEbohm'a English Village Community, Sto. 16). 
Sully's Outlines of Psychology, aro. lit. Sd. 

— Teseher's Bamlboak of Peyotology, Crown Bvo. 
GwlnbnTue's PtetnEO Logic. Pciat Stc. 55. 
Thompson's A System ci Psychologj. 2 vols. Svo. Mi. 

— The Problem of Evil. Bvo. Inj. 6d. 
Thomson's Outline of MeoesBary Laws of Thought. Croi 



in Time o! Peace. Uvo. J6j. 
fflgio. Crown 8yo, 4t. ed. 



- Sooratee and the Sooratic Schools. Crown Sto. lOt. Sd. 
Stolw, BpidureanB. and SoepticB. Grown Svo. Us. 
OsUlaea of the History of Greek PhlloBcphy. Grown Svo. lOi. 6d. 

LONaMANS. GREEN, & CO., London and New York. 
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MISCELLANEOUS WORKS. 
H. B., Tho Eiaaja and Oontrlbutiona of. Crown Svo. 
Autonin HoUnaj s of a Conatrj Pnrsoa. 3i, ed. 
Changed AspBOta at Uucbanged Tnitb?, 3^^ ed. 
ConuEon-riace PhllQBOpQer in Town and Country. 
CrlticsJ Efsays ol a Coimtty Parson. 3j. 6i*. 
Coimaol and Cojniort Bpolten from a City Fnlplt. 3i 
Moughta o£ a Country Paraon. Throe Serli 






a,Chiiii 



IS. 3j. 1 



1, IflBBina of Midilo Age. Zi. 6ii. 
Our Hocaoly Oomedy ; eiid Tcagedy. 3d. ^d, 
Onr Little Lite. Bsays Conaolafcoij' aJid. Domeatjc. Two Serica, Sj 
Pressnt-daj Thouglita. 3i. Bd. [b 

RacroB-tioHB ot a Countar Parson. Throo Series. 3s. Gd. each. 



Snuday AJ 



Eagehot'a Literaiy Btudica, edited by Huttflo. ' 
Beaconsfteia (Lotd), Tlie Wit and Wisdom o(, C 
Brana's Bronie Implenieuts ot Orcat Britain. : 
Sto»r"i Langoago a-"' - 



veraity Ctty. 



Smith (SydaBj)TliB Wit and Wisdom of. Crown 6yo. 

ASTRONOMY. 
Prootot's lArger Star Atlaa. Tolio, 16s. or Maps on 







— Tba Moon, Crown 8vo. 6j. 1 


— diher Worlds than Ours. Crown 8TO. 5s. 


— ThflBnn. Crown Sva 14j, 


— Stndim o£ Tenns-TranaitB, 8to. Sj, \ 


— OrbB Around Ub. Crown Bio. 6j. i 


— TTniverae of Stars. Sto. IOj. 3d. 


Webh-a Celestial Objects for ConinioQ TeleacoBea, Crown 8yo. 9j. 


THE 'knowledge' LIBRARY. 




How to Play "Wblst. Crown Svo. 6i. 


PleaaantWaysinSdenee. Cr.8TO.fe 


HomeWLiat. lemo. li. 


Star Primer. Crown 4to. 2i. 63. 


The Borderland of Sirfence. Cr. Svo. Bs 




Salute Stndies. Crown Svo. Os. 




Leisure Rcadloga. Crown Sto. Sj. 


Songh Ways made Smooth. Or.8To.6j. ' 


The Btara in ttielr Sesaona. Imp. 8to. Ss 


The Eipanse of Heaven. Cr. 8vo. 6i. : 


Myths and Marvels of Aatronomj 


OnrPlaoeamomrlvianities. Cr.STO.6j, ! 




LONGMANS, GREEN, & 00„ London and New York. 
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CLASSICAL LANGUAGES AND LITERATURE, 
a^hjlua. The Bumenldes of. Test, witli Mctiioal Eogllah TmnslaMi 

1 Ariatophimes' The AcharnliTia, tcaiialatda by K. Y. TjrroU. Crown Svd. 
I Aristotle's The BtMoB, Test and NotoB.br Sir Alez. Grant, Birt. EtoIs.SI 
j — The Nioomaohean Ethics, tnuwilBeea by WllliamB, Mown Svo. 7 

! — The PoUtiis, Books I. IlL IV. (VII.) with TMoalBtion, ( 

\ Bollana and lang, Cfown Svo. Is. Sd. 

Becker's Otaricles and Gallas, by Metcalfe. Post Sro. 7j. GiI, each. 

Olcero'a Comsponaenoe, Text ana Hotea, by E. Y, Tyrrell. Vols. 1 it 

Hoojer'a HIM, Homo 

— — ateoi T«i 
BooiaL-Sni, Crowr 

Vol. 3, The Proas Wtitera, Ti. id. 
Plato's Parmenldea, with NoWa, &o. by J. Magnlre. Svo. 7s. M. 
Vii^ll's Wotka, Latin Teit, with Commentary, hj SennoflJ'. Oroi 

— MaaA, translated into EnaHah Verse, by Coningtoo, < 



— TheWandetit^otCTyssfa, — Crown 8vo.3j. fi. 

NATURAL HISTORY, BOTANY, & GARDENING. 

DiiDD's Enral Blid Life Crown Bvo. lUuatrattonB. 6j, 
Hnrtwig'B Aerial World, 8yd, lOt. ad. 



— Ont of Doors. Crown Svi 

— PeUsnd Eavisltea. Crow 
-. Strange DwollinEe' Cio> 



LONGMANS, GREEN, & CO., London sinil Now York. 



y Google 



General ListB of Works. 

PRIZE AND PRESENTATION BOOKS. 

X-egenda of the Modonna. 1 vo\. ils, 

_ _ _ Moiiaatie Ordera 1 toI. 2Ij. 



Af&caul&y's Lays of Aui^eut Koi 
TbeQame,vlth/v^&iidtJie ^7^ 
Hew Tealaaient (The) iliustrat; 



>mpl8tsa by Liuly BBatiske, ! vc 



BytheEsv. , 



extifi,{^It«dges, 
BwdLara In tba Jfatlo E^gions (from I 

'Tha Bea uid Its Living Wonders " 

With 39 Elnstoattona. Ocown 8i 

Sf. tiS. oloth sitTO, glib edges. 
WlngeaiiHeliitheTropiraitrQin'ThB I 

TrotJoal Worid'). With M Illustra- 

HoDB. Crown8vo.St.Bii.cloth --'- 

gilt edges. 
Volcanoes and Eatthqoakes (from 



doth estra, gilt iriges. 



b's Bngllah 



)t the Bteuu Engine. Ecp. Svo. 9i 



id UnliealCh;. Crown i 



Bucktfin's Our DvelliDge, Eealtl 
Clerk-a Tlie Gas Euehie. With 

; CnUej'aHajidbookof PracUcalTelei^phj, 8to. IBj. 

i — Mills and MlUwork. I vol. Svo. Mi. 

: GBUot'a Blemonlary Troatiee ou PhveJos, bj iltioeon. large ^rown Svo. 

- Natural Philosophj, by Altineou. Crowu Bvo. Ii. Hi. 

ve's Correlation of Pbj-sloal ForCBS., Svo, 15s. 
1 HanghCon-fi Sis Lectures on Physical G<?ograpby. flvo. IB*. 

LONGMANS, GREEN, & CO., London and New York 
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Helinlioltz cjn the aeutatioiis of Toue. Boyal Bvo. '2S3, 

Hndson ana &0S3e'B The RoMfera or ' Wheel Animalcules.' With 80 Ooloured 

Platm a purte, 4tD. lOi. ed. each. Complete, 2 vols. 4to, £3. IO3. 
Hnllah's Lectures on the History of Uodem Music 8td. 3i. Sd. 

Jackam'e A.ld to BoglDceruig Solution. Boys.! Svo. Sl«. 

Jago^a InoTgaulc Gbemletry, Tlieorotical and Practice!* Fcp. Sro^ 23, 

Jeans' Ballway Problems. Sto, 12i. Si 

Kolbe's Short Text-Eoolt of Inotganin Chemistry, urown Svo. IJ. 6*. 

Llojd'a Treatise on Maenetism. Svo. 10s. Si. 

Macallster's Zoology and Morphology ot VettebrolB AnimEila. Bto. IDj. M. 

Chemical Phy^ce, 16j. Part II.InoCKanio Chemistry, 34s. Part III. Organic 

Chemistry, prico 3lJ. ed. 
Ultcheil'B Mannul oT Praetlcal Assaying. Sto. 31j. Bd. 
Hoble's Hours wltli s, Tliree-mcli Telescope. Crown Svo. 4j. M. 
Horthootf s Lathes and Tuiiili^. Bvo. l&i. 
Owen's Oomparat^vo Anatamy and PhyBiolcgy oC the Tsrtebrate Animals 

3 vole. Svo. jSi. ed. 
Piesse's Art of Perfumery. Square crown Svo. Zlj. 
KlcliardMm'a The Health o£ KaiJone ; "Worlia and Life of Bdwln Chadwlok, O.E, 



SmlCh'a Air and Bain. Svo. Ha. 
atoney'a The Theory of tha Stresses on Girders, i 
Tllden'sPiBoanalOheniiatrj. Pep. Svo. Is. M. 
Tyndall's Earaday aa a Discoverer. Crown Svo. I 
•^ Floating Matter ot the Air. Crown S^ 

— Fir^menta of Science. 3 vole, post 8v< 

— Heat n Uode of Motion. Crown Sro. 1 
-.. Leetureq an Lighc delivered In America 

— Lessons on Blectrlclty. Cronn Svo. 3i 



Wilson's Mannal of Health-Science, Crown Svo. 2j. M. 

THEOLOGICAL AND RELIGIOUS WORKS. 

Boultbee's Oommentary on tiie 30 Articles. Crown evo. 6s. 
Bcowoe'e (Bishop) Exposition of the 39 ArtMea. avo. ISi. 
Eullineer'a Critical Eciioon and Ooncordanee to the English aiiJ Greek 

Teatament. Kojal Svo. 16s. 
Colenao on the Penldteuch and Book ot Joshua. Crown Svo. 5(. 

LOSaMANS, GEEEN, & CO,, London iin.l New Yorlc. 
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3, Plates, and Woodcuts, i toIb. Eiquan orcnm 
Btudenfa Edition, rerlBea and oondensofl, wH* 4fl niUHtraHoiiB »na Kspa. 

Cos's (Homerahani) Tbe First Century gt Christianity. Bvo. 1!<. 

■DsTldson'B Introdudion to the Study ot the Nero Testament. 2 vols, 8to. Mj. 

Edsrsheim's Life and Times ot Tcsns tbe Mesalnh. S to1». Sva. 24i. 

Troplieoy and History In relatloit to tbs Ud^ah. Sva. ISj. 
mUootfBfBIshoplOoniTnentavy on St. Saul's Bpistlca. 8vo. Corinthians 1, ISs. 
Oalatiaos, Si. nd. Eplieslans, Ss. M. Pasiflral Epistles, ICU. M. Philippiaua, 
COlosBlsDs and PhllenioD. Ills. ed. Tbessatoulans, 79. M. 
— I«otuwa on the Life o! our lorfl. 8vo. IS». 
BwaWa Antiquities of Israel, trnnslftted by Solly. 8to. 13). ed. 



Bobart'B Medical LnnBnB(te of St. Lnlie, Bvo. IGi. 
Hopkins's Christ the Consoler, Pop. Sbo. Ea. «S. 
Jnkea's ITew Man and the Etenml Life. Drawn 9va Cs. 

— Second Death ana the EestitntlDn of all Things, down 8vo. 3s. Si. 

— Types of Qeoeels. Ccoron Svo. 7j. %d, 

— The Mystery of the Kinsdoni. Crown Sto, Si. 6*. 

Lenormant's Now TraoalaUon of the Book of Seneals. Translated into BuRlish. 

Svo, 10). M. 
Lyra Getmanlca : Hymns translated 1^ TUlss Wiukworth. Fop. 9to. Bj. 
Maodonald'a (G.) Unspoken Sermons. Two Scrips, Crown 8vo. Ss. Crf. eaob. 

mnlng'B Temporal Mission of the Holy Obost Crown Bvo. 8i. 6d. 
irllnean'B BndoaTours after Ihe Cbrlatinn Life. Oromi 8™. 7j. (lit 

— Hymns of Praise and Prayer. Crown !va 4* *!. Wmo. I'. HA 
^^ Sermons. HouiB of Thongbt on Saored Things. 2 vols. 7a- 6d. each. 
Uonsell's S[ddtiisl Bongs tor SimdAys and Holidays. Fop. 8vo, fij. lamo. ^, 
Mullet's (Mai) Origin and &roroth ol Religion. Crown Svo. 7j. ed. 
— — Science of Beligion. Crown Svo. ^s. ed, 
Jwman'e Apologia pro Vita SuS. Crown Svo, Of. 

— ThsIdeaoraOniTOTsItyrefloedKndriluslintrd. Crown 8to. 7f. 

— Historical Sketches. 3 vols, crown Svo. Sj, each. 

— Discussfons and Ai^mnents on Varlons Subjects, Crown avo. flfl. 

— CettaiQ Mfflciiltlea Felt by AnBlloana In Catholic Teaohlng Con- 

sliared. Vol.l.orownSvo. 7s. ad. Vol. 2, crown Svo. 6s. Gd. 

— The Via Media of the Anglican Chnroh, Illustrated in Lecturer, *c. 

— Bseays, Crillcal and Historical. S vols, crown Svo. 12i. 

— Essays oa Biblical and on Socleslaetloal Miracles, Cronu Svo. St. 

— An Essay la Aid of a Granunar of Assent. It. 6d. 
rarton's Life In the English Church (lii!0-17il). Bvo. 14j. 
ipematnral BellEion. Complete Edition. 8 vols. Svo. 86j. 

Illustrated, Crown Svo. Si Hd. oloCh plain ; 3!. Sd, cloth extra, gilt edges. 

LONGMANS, GRERK, & CO.. London and New York. 
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TRAVELS, ADVENTURES, &c. 
BBkert Eight Years tB Ceylon. CtowD Svo. ns. 

— EiaaandHoimatnCaylon. Cniwn 8™. Bj. 
Branaey'B SunaWne ana Slorm la the Bast. LibrBrj Kdition, 8vo. au. CaWnot 
Eilition, ctown Sto. 7i. 6d, Popular Hdition, 4tD. id. 
I — Vojago in the ' Sunbeam.' Library iaition,8TD.21s, Cabinet HSition, 
: crown 8vo, 7i ed. Sohool Bflilion, (op. Bto, s^ Popiila: Edition, 

~ IntheTcades.theTioplca.onathe'Eoarll^FoctieB.' tibratj Mition, 

Fronae'a Oceana ; or, England and her Oolonies. Crown Svo. Si. boanls ; Ss. M. 
Howitt^a VlsitJi to BetnarksWe Places. Omwn Sn. 1l. M, 
] EilBj'g Athoa ; or. The Mountain of the Monks. Svo. •ill. 



1 Sybil. I Alror,Iidan, &c. 

Ooningih)', The Young Dnke, & 

Tancrad. Vivian Qcej. 

Venetla. i IndymioD, 

HBUriettii Temple. I 

Btaboame'a(Lord)aiendBaiidPo8Bfnim Palcylana. Crown Sro. 
1 Caddi;'e(Mts.)ThronghtIieFieldswithIinateus; aChaptec InSwi 

Qllkes' Bojs and Uaatera. Oi'own 8to. 3(. 6d. 
I Haggnrd'BfH. Rlder>Sbe; aHiBtotjof Adventuta. Crown 8to. 6 
; — — A[IBn Qnalftmaln. I 

Barie(Bret)On tbePtonUer. Thtee Stoiies. Le 

— — By Shore and Sedge. Three Stoiiea. 

— — In the CKMiniues Woods. Crown 8\ 
LjaU'a (Edna) The Autoblograph)- of a Blander. 









cp.» 




.ad 


c!otb. 
































Wta. 












Molwwcrtfa(H 




ryiiig and 


!Ivin 


rib Marriage. Crown 8v 






HoTcJa by the A 


thor of ' The 4te 




Ljs': 






ThcAteliet 


inLja 


or, AuA 






Crowa 


Mademofael 


Mori 


a Tale of Modem Kome. Crown Svo. in 


r.d 




IntheOWei 














Hester's Vb 


tute. 




•is. 1 


d. 






Olipba^t's (Hire. 


Mada 






s. board! ; U. id. doth. 








l-iT 












LONGMANS 




«J. 




Yai 




GE.EEN 


& CO., London mid New 
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Para'! ( Jamee) The Luck of the Dsirells. 


Crown 8vo. li. honrda 


l,«d. cloth 


— — ThlelHsr than Water. Cro 


ra Sm U. boards ; Ij. 




Header's Pslry PilEce Potlow-mj-Lead. 


■own 8T0, Si. Sd. 






hei'Talra. Fop. Svo. 










2s,6d.oloth™tra.giltBiig(B.' 






Amy Herbert, Clove HaJI, 


AGllmpBOoftheT 


I'orld. 


The Earl's Danaliter. 


Kathirlne Aahton 




Experience of Life. 








Mar^P^^ 


UrsnlB. 


StevenBon'B (a. L.) The Dynamitor. Pep. 








ekyll aitd Mr. Hyfle. 


Fop. Svo. U. 








atm^is' Thraldom ; a Story. Crown 8vo. 


ei. 






each, hnI.l^^. ; 1., Hd 


cloth. 


TBeWmlen ' | 






POETRY AND THE DRAMA. 




Armrtronst's (Ed. J.l Poetical Works. Bo 


p.8vo.Ss, 




(G. P.lPoeaeslWotto:- 








KingSanl. Vcp. Svo. H. 




KlagDavM. Fep.8 




TJgone ; a Trageaj. Pep. 8vo. Is. ' 


Kli« Solomon. '^Fe 




A Garland from Qreeoe. Pop. 8td.»i. 


Stories of WioWow 


Pep. s™. 81. 


BOB'en'e Huto" Songs and other Verae 


. Pep. Bvo. to. ed. 


or printed on 



Bowdler's Family ShBJ:^pe9,re. Medium Svo. Us. C vols. (qi. Svo. ila. 
DaatBB Divine Oomedy, tranalatel by James Innea Minobln. Crown Sto. 
Goethe's Faust, translated by Birds. Large crown Evo. I2s. M. 

In gnloVa Poems. VoIb. 1 and 2, fop. Svo. ISi. 

LyHoil and other Posms. 5'cp. Svo. 2J. M, olotb, plain ; is, 

Haeaulay's Lays oE Ancient Kome, with Ivrj and the Avmsda. niuatrat 
Weguelln. Crown Svo. Bi. Sd. gUt edgtB. 

same, Popular Kdition. lUustratcd by Scbarf . Pop. 4to. Gd. gwd., li. 
.it's Lays and Legends. Crown Svo, 6-, 
ler's Voices from Plowerland, a Birthday Book, is. Bd, clotb, 3i. 6d. ri 



AGRICULTURE, HORSES, DOGS AND CATTLE. 
Lloyd'a The Science of Agriculture. Svo. ISj. 



LONGMANS, GEEBN, & CO,, London ami New York. 
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A Selection of Educational Works. 



ail's Practical T^'eooli Bud BuElish SioUoni 
Pooket Biendi and English DlcHonar 
Premitoea Lactuies. ISino. 2j. ed. 



SrcnoJiAMia™™. 


ISmo 


&.erf. 






ISmo 


4i Kay, 3.. 






Omt 






AccidEHoe, M. 




FceDol! TranBlBUoQ-Book. Bd. 


Syntax, M. 




Easy Erf ncli Ddeotu 




FrenoliClonVBraBliiDn-Bool!, d. 


Eiiat f renoii Rfafler 


Sd. ■ 


FlTBt FrenoH Bserclae-Book 


e<i. 


Seooud Erench Header, Sii. 


SeooDd Freucb Exerras^Bo 


k,M. 


PieneH and English DlalOBuaa 






on. lamo. 3s. U. Key 3j. 








(ds. 12nio.6i. 




PreolBdalaLltMr 




raufBlBa. 12mo.Bs, ed. 




— ibrtg* da I'Hiatoi 










ot*sbraBanl»j,M.A. Pep. a»o 


Si. B4. 


Jerram'B Bantanoai ior TranBlatt 




Prenoh. Or, 8vo. U Key, 










Soavestre'B Philoaophs sona las 1 


olta, bj SM^jenard, Square 18ma 


UM. 


StEp^ng-Btons to ErenuH Prona 












Modarn Antbors. I2ma4., 




— EulcB and BietciBe 




le Preneh Language. 12nio. 


u.ed. 




ISm 


□. &. ed. 





THE GERMAN LANGUACE. 

BlBOkle/a Praclioal 9ermwi aod Hnglish Dlotlonarj. Post B 
BncMiaini'6 Geroian Poetry, for EBpellUon, ISmg, li. ed. 
OoUls'a Card o£ German Irregular S^erhs. 8vo. Sj. 
Fisoher-Ptscbart's Elenjsntaty Qeimau Grajnrnar. Pop. 8™. I 
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